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'H-m-m-phî A p l a t e l e t  thrombus!  No f i b r i n !  No f i b r i n !  
Ask y o u r s e l f  th e  q u e s t i o n ,  boy: 'Why i s  t h e r e  no f i b r i n
i f  p l a t e l e t s  a r e  so im p o r t a n t  i n  c l o t t i n g ? ' "
The l a t e  P r o f e s s o r  John Shaw Dunn 
on d e m o n s t r a t i n g  t o  th e  w r i t e r ,  
t h e n  an u n d e r g r a d u a t e ,  a p l a t e l e t  
thrombus on a v a lv e  o f  a v e i n .
a#
II
INTRODUCTION
I t  has  been e s t a b l i s h e d  c l e a r l y  t h a t  b lood  p l a t e l e t s  r a p i d l y  
a g g l u t i n a t e  a t  t h e  s i t e  o f  i n j u r y  to  a b lo o d  v e s s e l  t o  form an i n t r a v a s c u l a r  
p l a t e l e t  o r  ' w h i t e '  thrombus (3 t o  6 , 10, 14, 1 5 ) .  Wintrobe  (11) r e f e r s  
t o  t h i s  as  " t h e i r  most s i g n i f i c a n t  f u n c t i o n " .  H aem os tas is  by p l a t e l e t  
a g g l u t i n a t i o n  was f i r s t  d em o n s t ra ted  by Hayem (7 )  in  an e x p e r i m e n t a l  wound 
o f  a d o g ' s  j u g u l a r  v e i n  and by Lubn i t sky  ( 8 ) in  s i m i l a r  wounds o f  fem ora l  
a r t e r i e s  o f  r a b b i t s .  These  o b s e r v a t i o n s  were l a t e r  con f i rm ed  (1 ,  1 3 ) .
Zucker  (12)  and McFadzean (9)  in d e p e n d e n t ly  conduc ted  a h i s t o l o g i c a l  s tudy  
o f  f r e s h  p u n c tu re  wounds o f  human s k in  e x c i s e d  d u r in g  s u r g i c a l  o p e r a t i o n s  
and A p i t z  (2 )  r e p o r t e d  a s i m i l a r  s tu d y  o f  m a t e r i a l  o b t a i n e d  a t  n e c r o p s y .  
They found t h a t  wounds i n  v e in s  ran g in g  f rom p o s t - c a p i l l a r y  v e n u le s  t o  
th o s e  some 2 5 0 yu in  d i a m e te r  were s e a l e d  i n v a r i a b l y  by p l a t e l e t  th rom bi .  
I n j u r e d  a r t e r i o l e s  were s e a l e d  s i m i l a r l y .  F i b r i n  formed o u t s i d e  the  
i n j u r e d  v e s s e l s  in  th e  wound t r a c k .  McFadzean (9 )  f a i l e d  to  i d e n t i f y  
i n j u r e d  t r u e  c a p i l l a r i e s  in  h i s  p r e p a r a t i o n s .  A p i t z  ( 2 )  and Zucker  (12)  
r e p o r t e d  t h a t  f i b r i n  s e a l e d  th e  mouths o f  such  c u t  c a p i l l a r i e s  a s  were 
i d e n t i f i e d  and  t h a t  i n  no i n s t a n c e  d i d  th e y  c o n t a i n  p l a t e l e t  th ro m b i .
The p l a t e l e t  th rom bi  in  many o f  t h e  l a r g e r  v e n u le s  had i n t r a v a s c u l a r  
p r o j e c t i o n s  which reduced  g r e a t l y  (9 ,  12) o r  c o m p le t e ly  o b s t r u c t e d  (9)  
t h e i r  lumen. In  each  i n s t a n c e  in  which t h e  e x a m in a t io n  co u ld  be c a r r i e d  
ou t  t h e  lumen o f  t h e  v e s s e l  on e i t h e r  s i d e  o f  th e  o b s t r u c t i o n  was p a te n t  
and c o n t a i n e d  no f i b r i n .  A p o s s i b l e  e x p l a n a t i o n  f o r  t h e  absence  o f  f i b r i n  
i n  su ch  v e s s e l s ,  e s p e c i a l l y  f rom th e  segment  p ro x im a l  in  the  l i n e  o f  
venous flow t o  the  o b s t r u c t i n g  p l a t e l e t  th rombus ,  was s u g g e s te d  by a happy 
c o i n c i d e n c e .  A p a t i e n t  w i t h  c i r r h o s i s  o f  t h e  l i v e r  was obse rved  to  
d e v e lo p  plasma f i b r i n o l y t i c  a c t i v i t y  o f  such  i n t e n s i t y  a s  to  l y s e  f i b r i n  
a s  r a p i d l y  a s  i t  was b e in g  formed in  t h e  p r o c e s s  o f  c o a g u l a t i o n  o f  the  
b lo o d  in  v i t r o .  Could f i b r i n  have been  formed and  ly s e d  in  the  ven u le s
I l l
o b s t r u c t e d  by p l a t e l e t  th rom bi?  Could f i b r i n o l y t i c  a c t i v i t y  be 
s t i m u l a t e d  i n  the  plasma o f  b lood  w i t h i n  v e i n s ?  The a t t e m p t  to  answer  
t h e s e  q u e s t i o n s  i n i t i a t e d  th e  o b s e r v a t i o n s  which a re  t h e  s u b j e c t  m a t t e r  
o f  t h i s  t h e s i s .
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Chapter 1
THE FIBRINOLYTIC SYSTEM 
F i b r i n o l y s i s  i n  V i t r o
A p r o t e o l y t i c  enzyme c a p a b le  o f  f i b r i n o l y s i s  o c c u r s  i n  normal 
p lasma i n  t h e  form o f  an  i n a c t i v e  p r e c u r s o r ,  p la sm in o g e n ,  which i s  
a s s o c i a t e d  w i t h  the  g l o b u l i n  f r a c t i o n .  An i n h i b i t o r ,  a n t i p l a s m i n  i s  
p r e s e n t  in  t h e  a lbum in  f r a c t i o n .  P la sm in  p r o d u c e s  n o t  o n ly  f i b r i n o l y s i s  
b u t  d i g e s t s  o t h e r  p lasma p r o t e i n s ,  i n c l u d i n g  f i b r i n o g e n  and a l s o  c a s e i n  
and g e l a t i n .  I t  has  maximum a c t i v i t y  and s t a b i l i t y  a t  a pH o f  7 .2
P lasm inogen  can  r e a d i l y  be a c t i v a t e d  in  v i t r o  by th e  a c t i o n  o f  
c h lo r o fo r m  w h ich ,  by d e s t r o y i n g  a n t i p l a s m i n  (20 ,  21,  39,  40, 48, 9 2 ) ,  
a l l o w s  o f  t h e  a c t i v a t i o n  o f  p la sm in o g en  by some i n t r i n s i c  a c t i v a t o r  
s y s te m ,  by t e c h n i q u e s  o f  f r a c t i o n a t i o n  o f  t h e  p lasma ( 9 ,  17, 23, 33 ,  37, 
48 ,  6 4 ,  67,  72 t o  75 )  which  s e p a r a t e  th e  p l a s m i n - a n t i p l a s m i n  complex 
and by th e  d i r e c t  a c t i o n  o f  t r y p s i n  (4 1 )  and o f  a t i s s u e  a c t i v a t o r ,  
f i b r i n o k i n a s e  ( 2 ,  3 ,  5 t o  7 ) .
A c t i v a t i o n  i n  v i t r o  may a l s o  be a c h i e v e d  by th e  a c t i o n  o f  
s t r e p t o k i n a s e  and o f  s t a p h y l o k i n a s e  ( 4 5 ) .  T i l l e t  and G ard n e r  (84 )  found 
t h a t  i f  human p lasma c l o t s  in  t h e  p r e s e n c e  o f  c e r t a i n  s t r a i n s  o f  b e t a -  
h a e ra o ly t i c  s t r e p t o c o c c i  r a p i d  f i b r i n o l y s i s  r e s u l t e d .  M i l s to n e  (5 2 )  
showed t h a t  f i b r i n  formed from p u re  f i b r i n o g e n  was r e s i s t a n t  t o  t h e  
a c t i o n  o f  s t r e p t o c o c c a l  c u l t u r e  f i l t r a t e s  b u t  i t  l y s e d  i f  a s m a l l  amount 
o f  t h e  g l o b u l i n  f r a c t i o n  o f  human plasma was a d d ed .  T h i s  form o f  
a c t i v a t i o n  was e x t e n s i v e l y  s t u d i e d  and anomalous r e s u l t s  were r e p o r t e d .  
A p p a r e n t l y  c o n f l i c t i n g  r e p o r t s  were r e c o n c i l e d  l a r g e l y  due t o  th e  
o b s e r v a t i o n s  o f  M u H e r t z  and Lassen  (5 9 )  and  M u l l e r t z  (5 7 )  who showed 
t h a t  t h e  a c t i v a t i o n  was much more complex th a n  o r i g i n a l l y  b e l i e v e d .  I t  
would a p p e a r  t h a t  s t r e p t o k i n a s e  does  n o t  a c t  d i r e c t l y  upon p la sm in o g en  
bu t  upon an i n e r t  ' p r o a c t i v a t o r *  i n  p lasma which i s  t r a n s f o r m e d  t o  
' a c t i v a t o r * .  The a c t i v a t o r  r e a c t s  w i t h  p la sm in o g e n  t o  fo rm  p l a s m i n .  
P r o a c t i v a t o r  i s  n o t  o n ly  p r e s e n t  i n  p lasma b u t  i t  o c c u r s  i n  u r i n e  ( 8 , 49,
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F i g u r e  2 .  S i m p l i f i e d  scheme o f  t h e  a c t i v a t i o n  
o f  p lasm in o g en  i n  v iv o
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I
■4
9 1 ) ,  human m i lk  ( 8A ) , t e a r s  (80)  and s a l i v a  ( 1 ) .
F i g u r e  1 summarises  th e  modes o f  a c t i v a t i o n  o f  p lasm inogen  t o  
p la sm in  d e s c r i b e d  by A s t r u p  (4 )  a s  t h e  " a c t i v a t i o n  scheme o f  1954" .
F i b r i n o l y s i s  i n  Vivo 
The a c t i v a t i o n  o f  p lasm inogen  i n  v i v o ,  t h a t  i s  t h e  phenomenon 
r e f e r r e d  t o  a s  sp o n ta n e o u s  f i b r i n o l y s i s ,  i s  h i g h l y  complex.  In 
s i m p l i f i e d  form p r o a c t i v a t o r  i s  c o n v e r t e d  t o  a c t i v a t o r  w hich ,  f o l l o w i n g  
c l o t t i n g ,  c o n v e r t s  p lasm inogen  t o  p la sm in  ( F i g u r e  2 ) .  M u l l e r t z  (5 6 )  f i r s t  
d e m o n s t r a t e d  t h e  p r e s e n c e  o f  i n c r e a s e d  amounts  o f  a c t i v a t o r  o f  p lasminogen 
b u t  no p la sm in  i n  p lasma showing s p o n ta n e o u s  f i b r i n o l y t i c  a c t i v i t y .  He
(58)  c o n s i d e r e d  t h a t  i n  f l u i d  b l o o d  t h e  a c t i v a t o r  i s  bound by an 
i n a c t i v a t o r  and c o n s e q u e n t l y  no p la sm in  i s  fo rm ed .  In  t h e  p r e s e n c e  o f  
f i b r i n  t h e  a c t i v a t o r  i s  a d s o rb e d  on t o  t h e  f i b r i n ,  the  e f f e c t  o f  t h e  
i i n a c t i v a t o r  i s  r e d u c e d ,  p lasm inogen  i s  a c t i v a t e d  and  f i b r i n o l y s i s  o c c u r s ,
g I t  f o l l o w s  from t h e  above t h a t  in  d e t e r m in i n g  t h e  ' f i b r i n o l y t i c '
i  a c t i v i t y  o f  a specimen o f  p lasm a ,w ha t  i s  b e in g  m easured  i n d i r e c t l y  i s
t h e  c o n c e n t r a t i o n  o f  a c t i v a t o r  p r e s e n t  i n  t h e  f l u i d  plasma p r i o r  to  c l o t ­
t i n g .  The a c t i v a t o r  i n  f l u i d  p lasma l o s e s  a c t i v i t y  on s t o r a g e  a t  room 
t e m p e r a t u r e ,  a p r o c e s s  s u b s t a n t i a l l y  r e d u c e d  by s t o r a g e  a t  0 * C , (2 5 ,  27, 85 ) .
The mode o f  c o n v e r s i o n  o f  p r o a c t i v a t o r  t o  a c t i v a t o r  in  v iv o  h a s  not  
been e s t a b l i s h e d .  T h e re  i s  e v id e n c e  t h a t  t h e r e  i s  a ' l y s o k i n a s e ' ,  t h a t  i s  
a s u b s t a n c e  c a p a b l e  o f  c o n v e r t i n g  p r o a c t i v a t o r  t o  a c t i v a t o r ,  i n  b lo o d  and 
in  t i s s u e  (4 ,  45)  and i t  may w e l l  be t h a t  l y s o k i n a s e  a c t i v i t y  i s  
r e s p o n s i b l e  f o r  th e  c o n v e r s i o n .
Induced  F i b r i n o l y . t i c  A c t i v i t y  i n  Man
I t  h a s  been  shown t h a t  i f  a low t e m p e r a t u r e  t e c h n i q u e  i s  employed 
in  h a n d l i n g  t h e  spec imen o f  b lo o d  (26 ,  28 )  f i b r i n o l y t i c  a c t i v i t y  can  be 
d e m o n s t r a t e d  i n  t h e  p la sm aco f  h e a l t h y  s u b j e c t s .  In  t h e  absence  o f  t h i s  
t e c h n iq u e  f i b r i n  c l o t s  i n c u b a t e d  a t  37%  u n d er  s t e r i l e  c o n d i t i o n s  remain 
i n t a c t  f o r  many d a y s .
I n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  has  been  r e p o r t e d  t o  have been 
induced  i n  a v a r i e t y  of  c i r c u m s t a n c e s .  M a c fa r la n e  (46)  f i r s t  r e p o r t e d  
i t s  o c c u r r e n c e  f o l l o w i n g  s u r g i c a l  o p e r a t i o n ,  a f i n d i n g  s u b s e q u e n t ly  
co n f i rm ed  by t h e  o b s e r v a t i o n s  o f  I m p e r a t i  ( 3 5 ) .  M ac fa r la n e  and  Biggs
(47 )  e x te n d e d  t h e i r  o b s e r v a t i o n s  and  co n c lu d ed  t h a t  f e a r  r a t h e r  th an  t h e  
trauma o f  o p e r a t i o n  p l a y e d  t h e  major  r o l e  i n  t h e  developm ent  o f  th e  
f i b r i n o l y t i c  a c t i v i t y .  L a tn e r  ( 4 4 )  r e p o r t e d  i t s  o c c u r r e n c e  i n  normal 
s u b j e c t s  who had h e a r d  t h e i r  f i r s t  a i r  r a i d  w a r n in g .  B ig g s ,  M a c fa r la n e  
and P i l l i n g  (14)  showed t h a t  i t  c o u l d  be in d u ced  in  normal s u b j e c t s  by 
s t r e n u o u s  e x e r c i s e  and  by t h e  i n j e c t i o n  o f  a d r e n a l i n e .  They conc luded  
t h a t  i t  was " p r o b a b le  t h a t  t h e  f i b r i n o l y t i c  a c t i v i t y  a s s o c i a t e d  w i t h  
e x e r c i s e ,  f e a r  and t rauma f o l l o w s  i n d i r e c t l y  t h e  s t i m u l a t i o n  o f  a d r e n a l i n e  
s e c r e t i o n " .  T r u e lo v e  (8 5 )  found t h a t  a la rm in g  s u g g e s t i o n s  u n d e r  h y p n o s i s  
o r  a n x i e t y  i n  s t u d e n t s  ab o u t  t o  t a k e  p a r t  i n  ex a m in a t io n s  would  induce  
f i b r i n o l y s i s .  However, a r g u i n g  on t h e  v a r i a t i o n  o f  t h e  e o s i n o p h i l  c o u n t s  
under  t h e s e  c i r c u m s t a n c e s  he t h o u g h t  i t  " u n l i k e l y  t h a t  a h ig h  l e v e l  o f  
c i r c u l a t i n g  a d r e n a l i n e  i s  t h e  u s u a l  ag en t  which induces  f i b r i n o l y s i s " .  
A ccord ing  t o  Biggs and  M acfa r lane  (13 )  Woodward found t h a t  t h e  a d r e n a l i n e  
l e v e l s  m easured  im m ed ia te ly  a f t e r  s e v e r e  e x e r c i s e  showed no c o r r e l a t i o n  
w i t h  the  f i b r i n o l y t i c  a c t i v i t y  e n c o u n te r e d  in  t h e  p lasm a.  Berg (11) 
r e p o r t e d  t h a t  t h e r e  was an i n c r e a s e  i n  b lo o d  p h o s p h a t id e  and a c t i v e  
f i b r i n o l y s i s  i n  p a t i e n t s  u n d e rg o in g  e l e c t r i c a l ' c o n v u l s i o n  t h e r a p y .
Induced F i b r i n o l y t i c  A c t i v i t y  in  Animals
F i b r i n o l y t i c  a c t i v i t y  has  been  in duced  e x p e r i m e n t a l l y  i n  a n im a ls  
namely t h e  dog,  r a b b i t  and r a t  by a v a r i e t y  o f  p r o c e d u r e s  among which 
have been  th e  i n t r a v e n o u s  i n j e c t i o n  o f  p e p to n e  (60 t o  6 3 ) ,  a n a p h y l a c t i c  
shock (36 ,  7 1 ) ,  t o u r n i q u e t  shock ( 9 0 ) ,  p o s t - h a e m o r r h a g i c  shock ( 8 1 ) ,  
shock f o l l o w i n g  t h e  i n j e c t i o n  o f  c a l l a c r e i n  (89 )  and e l e c t r i c a l l y  
in d u ced  c o n v u l s i o n s  ( 2 4 ) .  As p o i n t e d  out  by Biggs and M acfa r lan e  (13)  
t h e  main o b s t r u c t i o n  t o  t h e  s tu d y  o f  f i b r i n o l y t i c  a c t i v i t y  e x p e r i m e n t a l l y
i n  a n im a l s  i s  t h e  ex t rem e  s e v e r i t y  o f  t h e  p r o c e d u re s  r e q u i r e d .  There  i s  
one phenomenon w hich  would a p p e a r  t o  have been  o v e r lo o k ed  and t h a t  i s  t h e  
d i f f i c u l t y  e n c o u n te r e d  i n  p ro d u c in g  p e r s i s t e n t  th rom bi  e x p e r i m e n t a l l y  in  
an im a ls  ( 3 8 ) .  Thrombi can r e a d i l y  be  p ro d u c e d  by a v a r i e t y  o f  t e c h n iq u e s  
b u t  commonly th e y  r a p i d l y  l y s e .  The f a i l u r e  t o  p roduce  p e r s i s t e n t  c l o t s  
has  been  em phas ised  (38)  b u t  t h e r e  has  been  a s i n g u l a r  ab sen ce  o f  a t t e m p t  
t o  d e t e r m in e  t h e  f a c t o r s  i n v o l v e d  i n  t h e i r  l y s i s .
F i b r i n o l y t i c  A c t i v i t y  i n  D isease
I n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  o f  t h e  plasma has  been  e n c o u n te r e d  
in  v a r i o u s  p a t h o l o g i c a l  s t a t e s .  In  a m a j o r i t y  o f  i n s t a n c e s  p a t i e n t s  
have  p r e s e n t e d  w i t h  haem orrhag ic  m a n i f e s t a t i o n s  and  th e  e n t i t y  has  been  
r e f e r r e d  t o  a s  ' f i b r i n o l y t i c  p u r p u r a '  (78)  and a s  ' p u r p u r a  t h r o m b o l y t i c a '
( 7 0 ) .  G o odpas tu re  (31)  in  1914 f i r s t  r e p o r t e d  i t s  o c c u r r e n c e  i n  c i r r h o s i s  
o f  th e  l i v e r  and s u b se q u e n t  o b s e r v e r s  (42 ,  50, 6 8 , 77)  have co n f i rm ed  
t h i s .  I t  h a s  been  e n c o u n te r e d  in  r e a c t i o n s  t o  b lo o d  t r a n s f u s i o n  (19 ,  30, 
9 3 ) ,  s e v e r e  b u r n s  ( 8 6 ) ,  h aem orrhag ic  shock ( 8 1 ) ,  m e t a s t a t i c  ca rc inom a o f  
t h e  p r o s t a t e  (8 2 ,  83) and o f  o t h e r  o rg an s  (18 ,  7 9 ) ,  a c u t e  leukaem ia  ( 7 9 ) ,  
o b s t e t r i c a l  a c c i d e n t s  such  a s  c o n c e a l e d  a c c i d e n t a l  haemorrhage and 
a m n io t i c  embolism (22 ,  54, 69,  81, 88 ) ,  f o l l o w i n g  sp lenec tom y  f o r  
leukaem ia  (32)  and  f o r  c r y p t o g e n e t i c  sp lenom ega ly  (43)  , f o l l o w i n g  
pneumonectomy o r  lobec tom y (10 ,  15 ,  18, 51, 65,  76) and o t h e r  s u r g i c a l  
o p e r a t i o n s  (16 ,  18, 6 6 ) .
Plasma F i b r i n o l y t i c  A c t i v i t y  i n  t h e  C adaver  
A c co rd in g  t o  B iggs  and M acfa r la n e  (13)  th e  f i r s t  r e c o r d  o f  th e  
e f f e c t s  o f  po s t -m o r tem  f i b r i n o l y s i s  was th e  r e p o r t  by Morgagni in  1769 o f  
t h e  f i n d i n g  o f  f l u i d ,  i n c o a g u l a b l e  b lo o d  i n  a  man s t a b b e d  th ro u g h  th e  
h e a r t .  The phenomenon was d e s c r i b e d  a q u a r t e r  c e n t u r y  l a t e r  by John 
H unter  ( 3 4 ) :  " I n  many modes o f  d e s t r o y i n g  l i f e  t h e  b lo o d  i s  d e p r iv e d  o f
i t s  power o f  c o a g u l a t i o n ,  a s  happens  in  sudden d e a t h  produced  by many 
k in d s  o f  f i t s ,  by a n g e r ,  e l e c t r i c i t y  o r  l i g h t n i n g ;  o r  by a blow on t h e
s tomach,  e t c .  In  t h e s e  c a s e s  we f i n d  t h e  b l o o d ,  a f t e r  d e a t h ,  n o t  on ly
in  as  f l u i d  a s t a t e  a s  i n  t h e  l i v i n g  v e s s e l s ,  b u t  i t  does n o t  even
c o a g u l a t e  when t a k e n  out  o f  them". Virchow (8 7 )  found  t h a t  t h e
c a p i l l a r y  b l o o d  i n  the  c a d a v e r  was a lways f l u i d  and i n c o a g u l a b l e ,  and
t h a t  th e  b lo o d  i n  t h e  v e i n s  o f  th e  l imbs was more o f t e n  th a n  n o t
i n c o a g u l a b l e .  Morawitz (55)  o b s e rv e d  t h a t  t h e r e  was no f i b r i n o g e n  in
th e  b lo o d  in  c a s e s  o f  sudden d e a t h  and t h a t  t h e  b lo o d  c o n t a i n e d  a
f i b r i n o l y s i n . The same phenomenon was r e p o r t e d  by F idon ,  G a u t i e r  and
M ar t in  (2 9 )  i n  e x p e r i m e n t a l l y  a s p h y x i a t e d  d o g s .  A ccord ing  t o  Yudin (9 4 )
Skundina and  Rusakow found  t h a t  t h e  b lo o d  o f  i n d i v i d u a l s  dying  sudden ly
i n  t r a f f i c  a c c i d e n t s ,  f rom drowning,  f rom  a c u t e  cardiac d i s e a s e s  and fromaap o p le x y ,  tho u g h  r a p i d l y  c o a g u l a t i n g  i f  removed w i t h i n / f e w  h o u rs  a f t e r
d e a t h ,  became f l u i d  a g a in  i n  f rom o n e - h a l f  t o  one and  a h a l f  h o u r s .  They
o b se rv ed  w i t h  t h e  a i d  o f  an u l t r a m i c r o s c o p e  t h e  p r o c e s s  o f  l y s i s  and
found  t h a t  t h e  f i b r i n  ne tw ork  b ro k e  up i n t o  " t h e  t i n i e s t  k e r n e l s " .  Mole
(53)  r e i n v e s t i g a t e d  t h e  problem and d e m o n s t r a t e d  t h e  p r e s e n c e  o f  a
f i b r i n o l y s i n  i n  over  90% o f  sam ples  o f  f l u i d  and i n c o a g u l a b l e  c a d a v e r  o fb lo o d ,  n o ne /w h ich  c o n t a i n e d  f i b r i n o g e n .  In  a s tu d y  o f  61 a u t o p s i e s  he 
found t h a t  t h e  b lo o d  was c l o t t e d  and  d i d  n o t  c o n t a i n  f i b r i n o l y s i n  in  
c a s e s  o f  d e a t h  from i n f e c t i o n s  and c a c h e x i a ,  w hereas  t h e  r e v e r s e  was t r u e  
in  c a s e s  o f  a c c i d e n t a l  and sudden d e a t h .  He n o te d  t h a t  " t h e  more sudden 
th e  c a u s e  o f  d e a t h ,  t h e  more l i k e l y  was t h e  b lo o d  found  t o  be f l u i d " .  He
o b se rv ed  t h a t  t h e r e  was a c e n t r i p e t a l  d e c r e a s e  in  t h e  p lasma f i b r i n o l y t i c  
a c t i v i t y  i n  th e  v e i n s  o f  the  body and s u g g e s t e d  t h a t  t h i s  i n v e r s e  r e l a t i o n ­
s h ip  be tw een  t h e  f i b r i n o l y t i c  a c t i v i t y  and t h e  d i a m e t e r  o f  t h e  v e in  f rom 
which t h e  b lo o d  was o b t a i n e d  i n d i c a t e d  t h a t  t h e  v a s c u l a r  e n d o t h e l i a l  
l i n i n g  m igh t  be t h e  s i t e  o f  p r o d u c t io n  o f  t h e  f i b r i n o l y s i n .
S t u d i e s  o f  pos tmor tem f i b r i n o l y s i s  have a l s o  been  m ad e ,ac co rd in g  t o  
Biggs  and  M a c fa r l a n e  ( 1 3 ) ,  by H a lse  on c a t s  and  r a b b i t s  k i l l e d  by a sp h y x ia  
o r  drowning and by Berg (1 1 )  on humans d y in g  f rom a s p h y x ia  o r  haemorrhage 
Both t h e s e  a u t h o r s  found  t h a t  an i n c r e a s e  i n  th e  i n t e n s i t y  o f  th e
f i b r i n o l y t i c  a c t i v i t y  was a s s o c i a t e d  w i t h  an i n c r e a s e  o f  p h o s p h a t i d e s  
and o f  a d r e n a l i n e - l i k e  s u b s t a n c e s  i n  th e  b l o o d .
I t  has  been  c l e a r l y  e s t a b l i s h e d  (1 2 ,  53)  t h a t  c a d a v e r i c  
f i b r i n o l y s i s  d o es  n o t  d i f f e r  f rom induced  f i b r i n o l y s i s  i n  man and i t  has  
been  shown t h a t  t h e  f i b r i n o l y s i s  i s  due p r i m a r i l y  t o  th e  ap p ea ra n c e  o f  
a c t i v a t o r  in  t h e  b lo o d .
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C h ap te r  2 
MATERIAL AND METHODS 
FIBRINOLYTIC ACTIVITY IN MAN
U nless  o t h e r w i s e  s t a t e d  th e  o b s e r v a t i o n s  on man were made on
h e a l t h y  v o l u n t e e r  m ed ica l  s t u d e n t s  and members o f  t h e  s t a f f .
F i b r i n o l y t i c  A c t i v i t y  o f  th e  Plasma 
Venous Blood
A l l  r e a g e n t s  and g l a s s w a r e  were s t e r i l e .  F i b r i n o l y t i c  a c t i v i t y  was 
d e te rm in e d  q u a n t i t a t i v e l y  by th e  method o f  B id w e l l  a s  d e s c r i b e d  by Biggs 
and M acfa r lan e  ( 2 ) .  Venous b lo o d .  4 .5  m l . ,  was w i thdrawn i n t o  a c e n t r i f u g e  
tube  c o n t a i n i n g  0 .5  m l .  o f  3.8% s o l u t i o n  o f  sodium c i t r a t e .  The p lasma was 
s e p a r a t e d  by c e n t r i f u g i n g  im m ed ia te ly  a f t e r  w i t h d r a w a l .  A s e r i e s  o f  5 t e s t  
t u b e s  ( i "  X 3 " ) ,  e a c h  c o n t a i n i n g  4 .8  ml. o f  i s o t o n i c  s a l i n e  b u f f e r e d  t o  pH 
7 . 4  w i t h  v e r o n a l  a c e t a t e - h y d r o c h l o r i c  a c i d  b u f f e r  (9 )  was s e t  up and 0 .2  
ml.  o f  t h e  plasma was added t o  ea c h  t u b e .  T he re  was added  t o  c l o t  t h e  
m ix tu re  0 .2  ml.  o f  a s o l u t i o n  o f  bov ine  th ro m b in ,  c o n t a i n i n g  a p p r o x im a te ly  
20 u n i t s  p e r  m l . ,  and t h i s ,  i n  view o f  t h e  l a b i l i t y  o f  a c t i v a t o r  (3 ,  4,  13)
was done i n  eve ry  i n s t a n c e  15 m in u te s  a f t e r  w i th d ra w a l  o f  the b lo o d .  The
tu b e s  were then  i n c u b a t e d  i n  a w a t e r  b a th  a t  3 7 % . ,  t h e  f i r s t  tube  f o r  30 
m in u te s ,  t h e  seco n d ,  t h i r d ,  f o u r t h  and f i f t h  f o r  3,  6 , 12 and 24 h o u r s  
r e s p e c t i v e l y .
At t h e  end o f  t h e  i n c u b a t i o n  p e r i o d  the  c l o t  was removed by g e n t l y  
w ind ing  i t  a round  a g l a s s  rod  w i th  one end roughened  f o r  t h i s  p u r p o s e . The 
c l o t  was washed t h r e e  t i m e s  w i t h  a p p r o x im a te ly  10 ml.  i c e  c o l d  normal
s a l i n e  a l l o w i n g  15-30 m in u te s  s t a n d i n g  i n  i c e  be tween  each  w a sh in g .  A f t e r
t h e  l a s t  w ash ing  t h e  rod  w i t h  the  a d h e r e n t  c l o t  was t r a n s f e r r e d  t o  a t e s t  
tube  g r a d u a t e d  t o  8 ml .  and 2 . 0  ml.  o f  0 .1  N NaOH poured  down th e  ro d .
The tube  was th e n  h e a t e d  in  a b o i l i n g  w a te r  b a t h  f o r  2 m i n u t e s .  The
m ix tu re  was c o o le d  to  room t e m p e r a t u r e  and Na2 C03 s o l u t i o n  (12.5% W/V.) 
added t o  t h e  8 m l .  mark. One ml. o f  0 .0 1  M CUSO4 was then  added  and, 
d u r in g  s t i r r i n g ,  1 . 0  ml .  o f  F o l i n - C i o c a l t e u ' s  p h en o l  r e a g e n t  ( d i l u t e d  1 in
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3 w i t h  d i s t i l l e d  w a t e r ) .  The m ix tu re  was a l lo w e d  t o  s t a n d  f o r  30 m inu tes  
t o  p e rm i t  o f  f u l l  development  o f  t h e  b lu e  c o l o u r  and th e n  r e a d  i n  a 
p h o t o e l e c t r i c  c o l o r i m e t e r  u s i n g  a r e d  f i l t e r  a g a i n s t  a  b la n k  p r e p a r e d  by 
u s i n g  2 .0  m l .  o f  0 . 1  N NaOH and th e  r e a g e n t s  a s  d e s c r i b e d  ab o v e .  The 
v a lu e  o b t a i n e d  was r ea d  d i r e c t l y  i n  te rms  o f  mg. f i b r i n  f rom a cu rve  
p r e p a r e d  by u s i n g  s t a n d a r d  q u a n t i t i e s  o f  t y r o s i n e ,  t h e  t y r o s i n e  f i b r i n  
c o n v e r s io n  f a c t o r  used  b e i n g  10 .7 ( 1 1 ) .  The i n i t i a l  f i b r i n  c o n t e n t  was 
t a k e n  as  t h e  amount e s t i m a t e d  J n  th e  f i r s t  tube  s i n c e  30 m in u te s  may be 
t a k e n  as  t h e  p e r i o d  o f  optimum c o n v e r s i o n  o f  f i b r i n o g e n  t o  f i b r i n  ( 6 , 1 2 ) .
In  a d d i t i o n  t o  th e  above ,  tu b e s  were o b s e rv e d  a t  h o u r l y  i n t e r v a l s
and ' th e  time t a k e n  f o r  t o t a l  l y s i s  to  o c c u r  r e c o r d e d .
F i b r i n o l y t i c  A c t i v i t y  o f  th e  Plasma 
Blood from a F i n g e r - t i p
Specimens were o b t a i n e d  by s k i n  p u n c tu re  and 0 . 2  ml.  was added t o  a
t e s t  tube  c o n t a i n i n g  2 . 4  m l .  i s o t o n i c  s a l i n e  b u f f e r e d  to  pH 7 . 4  and 0 .0 5  ml.
o f  3.8% s o l u t i o n  o f  sodium c i t r a t e .  The r e d  c e l l s  were removed by 
c e n t r i f u g i n g  and th e  s u p e r n a t a n t  was c l o t t e d  by t h e  a d d i t i o n  o f  0 .1  m l .  o f  
a s o l u t i o n  o f  b ov ine  th ro m b in  c o n t a i n i n g  a p p r o x i m a te ly  20 u n i t s  p e r  ml.
The tube  was th e n  i n c u b a t e d  i n  a w a t e r  b a t h  a t  3 7 %  and i n s p e c t e d  f o r  24 
h o u rs  a t  h o u r ly  i n t e r v a l s  f o r  l y s i s .
R e s u l t s  ’
The r e s u l t s  a r e  r e c o r d e d  as  t h e  p e r c e n t a g e  o f  f i b r i n  l y s e d  p e r  h o u r .
I t  should  be n o te d  t h a t  the  t i m e - l y s i s  r e l a t i o n s h i p  i s  n o t  l i n e a r  ( 1 ) .
T h i s  method o f  e x p r e s s i o n  has  been  chosen f o r  co nven ience  i n  com par ison  o f  
r e s u l t s  s i n c e  t o t a l  l y s i s  t im e was n o t  a p p l i c a b l e  t o  a l l  spec im ens .
Throughout  t h i s  t h e s i s  i n  th e  p r e s e n t a t i o n  o f  th e  r e s u l t s  o f  
e x p e r im e n t s  and in  comments th e r e o n  the  te rm ' f i b r i n o l y t i c  a c t i v i t y  o f  th e  
p l a s m a ' ,  am a c t i v i t y  which  o n ly  d e v e lo p s  f o l l o w i n g  c l o t t i n g ,  i s  a p p l i e d  
t o  f l u i d  p la sm a .  The te rm  i s  employed f o r  t h e  sake  o f  c l a r i t y .  As s t a t e d  
i n  C h a p te r  1 , f l u i d  p lasm a ,  showing f i b r i n o l y t i c  a c t i v i t y  f o l l o w i n g  c l o t t i n g .
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has  an i n c r e a s e d  c o n t e n t  o f  a c t i v a t o r  o f  p lasm in o g en  b u t  no p l a s m i n .
S u b j e c t  numbers i n  t h e  t a b l e s  a r e  employed o n ly  f o r  e a s e  in  
r e f e r e n c e  t o  th e  t a b l e s .
FIBRINOLYTIC ACTIVITY IN RABBITS
A dul t  w h i t e  r a b b i t s  were employed.
A thrombus i n  th e  m a r g in a l  v e i n  o f  the  r a b b i t ' s  e a r  was produced  by 
a m o d i f i c a t i o n  o f  th e  t e c h n i q u e  r e p o r t e d  by G r o s s i ,  C l i f f t o n  and  Cannamela
( 8 ) .  A l e n g t h  o f  t h e  v e i n  was i s o l a t e d  be tween  two ' b u l l d o g '  clamps and  
th e  m e d ia l  t r i b u t a r i e s  o c c lu d e d  by a clamp a p p l i e d  p a r a l l e l  t o  th e  m a r g in a l  
v e i n .  A 25-gauge  n e e d l e  was i n s e r t e d ,  t h e  v e i n  em p t ie d  o f  b lo o d ,  and 
0 .0 5  m l .  o f  a s o l u t i o n  o f  b ov ine  th rom bin  i n  normal  s a l i n e ,  500 u n i t s  p e r  
m l . ,  i n j e c t e d .  The v e i n  was a l lo w e d  t o  f i l l  by r e l e a s i n g  t h e  u p p e r  clamp 
which was th e n  r e a p p l i e d .  A f t e r  15 m in u te s  th e  c lamps were removed. The 
segment o f  v e i n  was examined a t  i n t e r v a l s  by t r a n s i l l u m i n a t i o n  em ploy ing ,  
i f  n e c e s s a r y ,  a d i s s e c t i n g  m ic ro sco p e  and t h e  t ime t a k e n  f o r  th e  c l o t  
c o m p l e t e l y  t o  d i s a p p e a r  d e t e r m in e d .
C o n t r o l  O b s e r v a t i o n s
The l y s i s  t ime o f  a thrombus p roduced  by t h e  f o r e g o i n g  t e c h n iq u e  was 
found in  20 r a b b i t s  t o  ra n g e  from 8 t o  39 h o u r s  (mean = 2 0 :  S.D.  = 7 ) .
EXPERIMENTAL
The b a s i c  method employed in  man was t o  make o b s e r v a t i o n s  on one arm, 
t h e  o p p o s i t e  arm s e r v i n g  a s  a c o n t r o l  on any i n f l u e n c e  e x e r t e d  by the  
endogenous r e l e a s e  o f  a d r e n a l i n e .
In  t h e  i n j e c t i o n  o f  s u b s t a n c e s  under  t e s t  a l o n g s i d e  a v e i n ,  r e f e r r e d  
t o  a s  p a rav e n o u s  i n j e c t i o n ,  c a r e  was t a k en  t o  e n s u re  t h a t  t h e  p o i n t  o f  th e  
n e e d le  l a y  c l e a r  o f  th e  v e in  and a p p r o x i m a te ly  5 mm. away from i t .  A l l  
s u b s t a n c e s  i n j e c t e d  were in  s o l u t i o n  in  normal  s a l i n e  and t h e  s o l u t i o n  was 
warmed t o  body t e m p e r a t u r e  b e f o r e  i n j e c t i o n .  The volume o f  s a l i n e  employed, 
u n l e s s  o t h e r w i s e  s t a t e d ,  was 0 . 1  m l .  i n  man and 0 .0 5  m l .  i n  r a b b i t s .
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Throm bocy topaen ia  was p r o d u c ed  in  r a b b i t s  by t h e  i n t r a v e n o u s  
i n j e c t i o n  o f  g u i n e a - p i g  a n t i - r a b b i t - p l a t e l e t  serum.
In  view o f  th e  n a t u r e  o f  t h e  e x p e r im e n t s  c o n d u c te d  on man and on th e  
r a b b i t  i t  was n e c e s s a r y  t o  d e te rm in e  w h e th e r  a s u b s t a n c e ,  c a p a b l e  o f  
d i f f u s i o n ,  when i n j e c t e d  i n t o  a l a r g e r  s u b c u ta n e o u s  v e i n  would p a s s  th ro u g h  
th e  w a l l  o f  t h a t  v e i n .  I t  h a s  been known f o r  many y e a r s  t h a t  su ch  a 
s u b s t a n c e  a p p l i e d  t o  t h e  w a l l  o f  a v e i n  r a p i d l y  e n t e r s  t h a t  v e i n .  M u l le r
(10 )  s t a t e s  t h a t  "Magendie l a i d  b a r e  one o f  th e  j u g u l a r  v e i n s  i n  a young 
dog o f  s i x  weeks o l d ,  and i s o l a t e d  i t  f rom th e  s u r r o u n d i n g  p a r t s  i n  i t s  
whole l e n g t h ,  so t h a t  he c o u ld  p a s s  a c a r d  b e n e a th  i t .  He t h e n  a p p l i e d  
f r e e l y  t o  th e  v e i n  a w a te r y  s o l u t i o n  o f  s p i r i t o u s  e x t r a c t  o f  nux vomica.
The symptoms o f  p o i s o n i n g  a p p e a re d  b e f o r e  th e  f o u r t h  m in u te " .  To f i n d  ou t  
w h e th e r  th e  c o n v e r se  p a s sa g e  o c c u r r e d  a thrombus was produced  i n  the  
m a r g in a l  v e i n  o f  t h e  e a r  o f  each  o f  3 r a b b i t s  by t h e  t e c h n iq u e  d e s c r i b e d  
above save  t h a t  th e  th rom bin  was d i s s o l v e d  in  a 5% s o l u t i o n  o f  f l u o r e s c e i n .  
The e a r  was exam ined  under  u l t r a v i o l e t  l i g h t  and ,  w i t h i n  one m inu te  o f  th e  
p r o d u c t i o n  o f  t h e  thrombus,  f l u o r e s c e n c e  was d e t e c t a b l e  i n  t h e  t i s s u e s  
s u r r o u n d i n g  the v e i n .
C o n t r o l  O b s e r v a t i o n s  on Man
N e i t h e r  t h e  i n t r a v e n o u s  nor  pa rav en o u s  i n j e c t i o n  o f  0 . 1  ml.  o f  a 
1% s o l u t i o n  o f  sodium c h l o r i d e ,  employing  th e  t e c h n i q u e s  d e s c r i b e d  in  
C h a p te r  4 ,  s t i m u l a t e d  t h e  p r o d u c t i o n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s .  
In  each  c a s e  o b s e r v a t i o n s  were made on 5 s u b j e c t s .  One p e r  c e n t  s a l i n e  was 
s e l e c t e d  s i n c e  t h e  maximum q u a n t i t y  o f  any d ru g  employed was 1 mg. i n  0 . 1  
m l .  o f  i s o t o n i c  s a l i n e .
C o n t r o l  O b s e r v a t i o n s  on th e  R a b b i t
The l y s i s  t im e o f  a thrombus  p roduced  i n  a m a r g in a l  v e in  o f  one e a r  
o f  each  o f  5 r a b b i t s ,  by th e  t e c h n iq u e  d e s c r i b e d  above b u t  f o l l o w i n g  th e  
i n j e c t i o n  o f  0 .0 5  ml.  o f  a 1% s o l u t i o n  o f  sodium c h l o r i d e  a l o n g s i d e  t h a t  
v e i n ,  r an g ed  from 17 t o  28 h o u r s  (mean = 21;  S.D. = 4)  and was n o t
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s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  e n c o u n te r e d  i n  the  u n t r e a t e d  c o n t r o l s .
HISTOLOGICAL
Biopsy spec im ens  were f i x e d  i n  h a l f  s t r e n g t h  Z e n k e r - f o r m a l i n  
s o l u t i o n .  S e r i a l  s e c t i o n s ,  when c u t ,  were c u t  a t  7 ^ .  S e c t i o n s  were 
s t a i n e d  w i th  M a l l o r y ' s  p h o s p h o tu n g s t i c  a c i d  h a e m a to x y l in ,  which  p e r m i t s  
o f  d i f f e r e n t i a t i o n  between p l a t e l e t s  and f i b r i n , a n d  w i t h  h a e m a to x y l in  and 
e o s i n .
STATISTICAL METHODS
S ta n d a rd  s t a t i s t i c a l  methods (7 )  have b e e n  employed t h r o u g h o u t .  By 
c o n v e n t io n  the p r o b a b i l i t y  v a lu e  (P )  a c c e p t e d  a s  s i g n i f i c a n t  i s  < 0 . 0 5 .
OTHER METHODS
O th e r  methods employed a r e  more a p p r o p r i a t e l y  d e s c r i b e d  e l s e w h e r e .
DRUGS -  NOMENCLATURE
The f o l l o w i n g  i s  a l i s t  o f  t h e  a b b r e v i a t i o n s  and  te rm s  u se d  in  th e  
t e x t  f o r  t h e  d ru g s  employed i n  the  v a r i o u s  e x p e r i m e n t s .
Drug
A c e t y l c h o l i n e  bromide o r  c h l o r i d e  
A d r e n a l i n e  h y d r o c h l o r i d e  
A t ro p in e  s u l p h a t e  
Bovine th ro m b in
5 - h y d ro x y t r y p ta m in e  c r e a t i n i n e  s u l p h a t e  
H is tam in e  a c i d  p hospha te  
L - n o r a d r e n a l i n e  b i t a r t r a t e  
L y s e r g i c  a c i d  d i e t h y l a m i d e  
N eos t igm ine  bromide 
P i t u i t r i n  (P a rke  D av is  & C o . )
P r o c a in e  h y d r o c h l o r i d e
T e x t  R e fe re n c e
A c e t y l c h o l i n e
A d r e n a l in e
A t r o p in e
Thrombin
5-HT, S e r o t o n i n
H is tam ine
N o ra d re n a l in e
LSD 25
Neos t igm ine
P i t u i t r i n
P ro c a in e
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Drug
P u r i f i e d  p r o t e i n  d e r i v a t i v e  o f  t u b e r c u l i n  
S .K .F .  42 ( F e l lo w s  and Bernheim, 5)  
T o l a z o l i n e
ABBREVIATIONS
c .mm.
Hg. < '
kg .  
mg. 
m l . 
mm.
S.D.
P
S .B . ( M . )
/u
/Ug.
T ex t  R efe rence  
PPD
S . K . F . 42 
P r i s c o l
c u b ic  m i l l i m e t r e
m ercury
k i lo g ra m m e (s )
m i l l i g r a m m e ( s )
m i l l i l i t r e ( s )
m i l l i m e t r e ( s )
s t a n d a r d  d e v i a t i o n
P v a lu e  ( p r o b a b i l i t y )
s t a n d a r d  e r r o r  
( o f  the  mean)
m i c r o n ( s )
microgramme(s)
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Chapter 3
INDUCED PLASMA FIBRINOLYTIC ACTIVITY 
WITHIN VEINS IN MAN. 1.  ISCHAEMIA
Chance f i n d i n g s  in  a n o t h e r  u n r e l a t e d  r e s e a r c h  l e d  to  t h i s  
i n v e s t i g a t i o n .  McFadzean and Tsang ( 3 ) ,  i n  t h e  c o u r s e  o f  s tu d y  o f  a 
haem orrhag ic  t e n d en cy  e n c o u n te r e d  i n  ' c r y p t o g e n e t i c  splenomegaly* (5 )  
found t h a t ,  a l t h o u g h  t h e  p o s i t i v e  venous p r e s s u r e  t e s t  was u s u a l l y  
n e g a t i v e ,  a v a s c u l a r  f r a g i l i t y  c o u ld  be unmasked in  a h ig h  p r o p o r t i o n  
o f  c a s e s  i f  t h e  p o s i t i v e  venous p r e s s u r e  t e s t  was a p p l i e d  a f t e r  
p r o d u c t io n  o f  r e a c t i o n  h y p e rae m ia .  During s t u d i e s  aimed a t  i d e n t i f y i n g  
th e  f a c t o r  r e s p o n s i b l e  f o r  t h i s  unmasking o f  t h e  v a s c u l a r  f r a g i l i t y ,  
b lood  from the  l imb s u b j e c t e d  to  c i r c u l a t o r y  a r r e s t  was found  t o  be 
a c t i v e l y  f i b r i n o l y t i c ,  a f i n d i n g  a l s o  e n c o u n te r e d  on i n v e s t i g a t i o n  o f  
normal c o n t r o l s .  F i b r i n o l y t i c  a c t i v i t y  was i n v e s t i g a t e d  a s  a p o s s i b l e  
cause  o f  t h e  v a s c u l a r  f r a g i l i t y  b ecau se  o f  knowledge t h a t  i n c r e a s e d  
f i b r i n o l y t i c  a c t i v i t y  was r e s p o n s i b l e  f o r  o t h e r  forms o f  haemorrhage i n  
c r y p t o g e n e t i c  sp lenom ega ly  ( 2 ) .
A rev iew  o f  t h e  l i t e r a t u r e  r e v e a l e d  two r e l e v a n t  com m unica t ions .  
Tagnon, Levenson,  Davidson and  T a y lo r  ( 6 ) o b s e rv e d  t h e  o c c u r r e n c e  o f  
i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  in  p a t i e n t s  w i t h  p e r i p h e r a l  c i r c u l a t o r y  
f a i l u r e  f o l l o w i n g  haemorrhage or  s e v e re  b u rn s  and showed, i n  d o g s ,  t h a t  
such a c t i v i t y  fo l l o w e d  t h e  p r o d u c t io n  o f  haem orrhag ic  shock .  They 
c o n s id e r e d  th e  f i b r i n o l y t i c  a c t i v i t y  was t h e  r e s u l t  o f  a p r o lo n g e d  anox ic  
s t a t e  co nsequen t  upon p e r i p h e r a l  c i r c u l a t o r y  f a i l u r e .  On th e  o t h e r  hand 
Biggs and M a c fa r lan e  ( 1 )  s t a t e d  t h a t  a n o x ia  o f  a l imb produced  by a 
t o u r n i q u e t  does  no t  l e a d  t o  f i b r i n o l y t i c  a c t i v i t y  i n  th e  d i s t a l  p a r t  o f  a 
l im b .  The t e c h n i q u e  employed was n o t  d e s c r i b e d  b u t ,  a s  w i l l  be seen  l a t e r ,  
i t  i s  o f  im p o r ta n ce  t o  r e c o r d  t h a t  i n  a p e r s o n a l  communicat ion M acfa r lane
(4)  s t a t e d  t h a t  i n  t h e i r  e x p e r im e n t s  each  o f  t h e  s u b j e c t s  e x e r c i s e d  th e  
m usc les  o f  th e  fo re a rm  d u r i n g  th e  phase  o f  a r r e s t  o f  t h e  a r t e r i a l  
c i r c u l a t i o n .
Üi
F i g u r e  3 .  The r i s e  i n  p r e s s u r e  i n  an a n t e c u b i t a l  v e i n  f o l l o w i n g  
r e d u c t i o n  i n  p r e s s u r e  i n  a sphygmomanometer c u f f  ( a r r o w )  a p p l i e d  
above t h e  e lbow ,  f rom above t h e  s y s t o l i c  p r e s s u r e ,  which 
h a d  been m a i n t a i n e d  f o r  10 m i n u t e s ,  t o  th e  d i a s t o l i c  p r e s s u r e .
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EXPERIMENTS
Preliminary Observations
In view o f  th e  ex p e r im e n t s  s u b s e q u e n t l y  t o  be d e s c r i b e d  i t  was 
n e c e s s a r y  t o  d e t e r m in e  t h e  t ime t a k e n  f o r  t h e  p r e s s u r e  i n  an a n t e c u b i t a l  
v e i n  f o l l o w i n g  a p e r i o d  o f  a r r e s t  o f  t h e  a r t e r i a l  c i r c u l a t i o n  t o  r i s e  t o  
t h a t  o f  a sphygmomanometer c u f f  a p p l i e d  above t h e  elbow and i n f l a t e d  t o  
th e  d i a s t o l i c  p r e s s u r e .  O b s e r v a t i o n s  were made on 6 s u b j e c t s .  A n e e d l e  
co n n e c ted  t o  an e l e c t ro m a n o m e te f  and r e c o r d i n g  a p p a r a t u s  was i n s e r t e d  
i n t o  an a n t e c u b i t a l  v e i n  and a sphygmomanometer c u f f  a p p l i e d  above th e  
elbow was i n f l a t e d  t o  20 mm. Hg.above the  s y s t o l i c  b lo o d  p r e s s u r e .  Ten 
m inu tes  l a t e r  th e  p r e s s u r e  in  t h e  c u f f  was r e d u c e d  t o  t h e  d i a s t o l i c  l e v e l .
The t im e  t a k e n  f o r  th e  venous p r e s s u r e  t o  r i s e  above t h e  d i a s t o l i c  
l e v e l  r anged  f rom  3 t o  5 s e c o n d s .  F i g u r e  3 i s  a t y p i c a l  r e c o r d .
Exper im en t  1
T h i s  was u n d e r t a k e n  t o  d e t e r m in e  i f  a r r e s t  of  t h e  a r t e r i a l  supp ly  
t o  p a r t  o f  a l imb r e s u l t e d  i n  f i b r i n o l y t i c  a c t i v i t y  o c c u r r i n g  i n  t h e  p lasma
o f  b lood  s u b s e q u e n t l y  f lo w in g  th ro u g h  t h a t  p a r t .
O b s e r v a t i o n s  were  made on 20 s u b j e c t s .  A sphygmomanometer c u f f  
a p p l i e d  t o  one arm above t h e  elbow was i n f l a t e d  t o  20 mm. Hg. above th e  
s y s t o l i c  b lo o d  p r e s s u r e  and m a i n t a i n e d  f o r  10 m in u te s .  The p r e s s u r e  was 
th e n  r e d u c e d  to  t h e  d i a s t o l i c  l e v e l .  F ive  m in u te s  l a t e r  specimens o f  
b lo o d  were o b t a i n e d  f rom  an  a n t e c u b i t a l  v e i n  o f  b o th  t h e  e x p e r im e n ta l  
and c o n t r o l  arms and th e  f i b r i n o l y t i c  a c t i v i t y  o f  each  specimen 
d e t e r m i n e d .
The r e s u l t s  a r e  s e t  o u t  in  T a b le  I .  I t  w i l l  be s een  t h a t  th e
f i b r i n o l y t i c  a c t i v i t y  o f  each  specimen from t h e  e x p e r i m e n t a l  arm was
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  of  t h e  c o r r e s p o n d in g  specimen f rom  th e  
c o n t r o l  arm.
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T a b le  I !
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l
and c o n t r o l '  arms i n  Exper iment  1 ;
S u b je c t
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  j 
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )  I'l
E x p e r im en ta l  arm C o n t f o l  arm
1 8.3
• 1 i
2 1.9 0 . 4  1
3 4 .1
4 1*8.7
• ;
0 .2  1
5 .3300 0 .9  .'Ij: n
6 16.6 0 .9  I
7 33 .0 0 .6  ij!
8 8.3 0 .6  1
9 33 .0 j.
10 1.9 0 .2  1;
11 2 . 2 0 .8  1^ '
12 2 .2 0 .3  ,1
13 6 .1 0 .8  "i
14 33 .0 !i
15 1 .1 »0 . 2
16 33 .0 0 .7
17 16.6 0 .1  i
18 33 .0 0 .3
19 16.6 0 .3
20 11 .2 1 .0
Mean ( S . D . ) 1 4 .2  ( 1 2 .1 ) 0 .5  ( 0 . 3 )
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Experiment 2
T h i s  was u n d e r t a k e n  to  d e te rm in e  w h e th e r  venous o c c l u s io n  a lo n e  
would r e s u l t  i n  t h e  developm ent  o f  f i b r i n o l y t i c  a c t i v i t y  i n  t h e  p lasm a .
O b s e r v a t i o n s  were made on 10 s u b j e c t s .  A sphygmomanometer c u f f  
was a p p l i e d  to  one arm above t h e  e lbow and i n f l a t e d  t o  th e  d i a s t o l i c  
p r e s s u r e .  T h i s  was m a i n t a i n e d  f o r  10 m inu tes  i n  5 s u b j e c t s  (Group 1)  
and f o r  30 m in u te s  i n  t h e  rem ain ing  5 (Group 2 ) .  At t h e  end  o f  t h e s e  
t im e s  spec imens  o f  b lood  were Ô b ta in ed  from an  a n t e c u b i t a l  v e in  i n  t h e  
e x p e r i m e n t a l  arm and i n  t h e  c o n t r o l  arm and t h e  f i b r i n o l y t i c  a c t i v i t y  
o f  each specimen d e t e r m in e d .
T a b le  I I
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and c o n t r o l  arms in  Exper im ent  2
. 1
'>1
k'
S u b j e c t s
Plasma f i b r i n o l y t i c  a c t i v i t y  % 
( P e r c e n t a g e  o f  f i b r i n  l y s e d  p e r  h o u r )  !
E x p e r im e n ta l  arm C o n t r o l  arm
Group 1 Mean = 0 .5  S .D .  = 0 .3
Mean = 0 .3  
S.D.  = 0 .2 '
Group 2 Mean = 0 .3  S .D .  = 0 .2
Mean = 0 . 4  
S.D. = 0 .2 4
The r e s u l t s  a r e  s e t  o u t  in  T a b le  I I .  In  n e i t h e r  Group was t h e r e  a 
s i g n i f i c a n t  d i f f e r e n c e  be tw een  th e  f i b r i n o l y t i c  a c t i v i t y  o f  t h e  plasma from 
t h e  e x p e r i m e n t a l  l imb and t h a t  f rom t h e  c o n t r o l  l im b .
E xper im en t  3
T h i s  was u n d e r t a k e n  t o  d e t e r m in e  i f ,  f o l l o w i n g  i s c h a e m ia ,  f i b r i n o l y t i c  
a c t i v i t y  was p r e s e n t  i n  t h e  plasma o f  b lo o d  f lo w in g  th ro u g h  t h e  c a p i l l a r y  
b ed .
O b s e r v a t i o n s  were  made on 10 s u b j e c t s .  Exper im en t  1 was r e p e a t e d  b u t  
i n  a d d i t i o n  t o  th e  venous samples  spec imens  o f  b lo o d  were o b t a i n e d  from a 
f i n g e r - t i p  i n  b o th  t h e  e x p e r i m e n t a l  and c o n t r o l  l im b s .
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T able  I I I
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and c o n t r o l  arms in  Experiment  3
S u b je c t  No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im e n ta l  arm
Venous
b lood
Fingfe' r-t tp
blood
Venous
b lo o d
F i n g e r - t i p
b lo o d
1 8 .3 8.3 0 .7
2 1 .9 5 .5 0 . 4 (/)u
3 3 3 .0 33 .0 0 . 2 B
4 6 . 1 6 .6 0 . 8 Oj
5 2 . 2 8.3 0 . 8 •S
6 16 .6 16.6 0 .9 •o
7 1 . 1 5 .1 0 . 2 (0>-♦H
8 8.3 16.6 0 . 6 <DG
9 18.7 16.6 0 . 2 OZ
10 4 .1 6 .6 0 .3
Mean ( S .D . ) 10 .0  ( 9 . 5 ) 12 .3  ( 8 . 2 ) 0 .5  ( 0 . 3 ) -
C o n t r o l  arm
The r e s u l t s  a r e  s e t  o u t  in  T a b le  I I I .  In  a l l  c a s e s  th e  f i b r i n o l y t i c  
a c t i v i t y  o f  b o th  spec im ens  from t h e  e x p e r im e n ta l  arm was g r e a t e r  th an  t h a t  
o f  t h e  c o n t r o l  sp e c im e n s .  Comparison o f  t h e  two specimens  f rom the  
e x p e r im e n ta l  arm shows th e  f i b r i n o l y t i c  a c t i v i t y  o f  b lo o d  from t h e  f i n g e r ­
t i p  was g r e a t e r  th a n  t h a t  o f  th e  venous b lo o d  i n  5 i n s t a n c e s ,  e q u a l  t o  i t  
in  4 and l e s s  i n  t h e  rem ain ing  one i n s t a n c e .
Experiment  4
T h i s  was u n d e r t a k e n  t o  d e t e r m in e  w h e th e r  f i b r i n o l y t i c  a c t i v i t y  was 
im p ar ted  t o  b lood  w i t h i n  v e i n s  when t h e  a r t e r i a l  su p p ly  was a r r e s t e d  and ,  
i f  s o ,  t o  compare i t  i n  i n t e n s i t y  w i t h  t h a t  e n c o u n te r e d  in  venous b lo o d  
and b lo o d  from th e  f i n g e r - t i p  s u b seq u e n t  t o  r e s t o r a t i o n  o f  t h e  c i r c u l a t i o n .
O b s e r v a t i o n s  were made on 5 s u b j e c t s .  A sphygmomanometer c u f f  was
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a p p l i e d  above  th e  elbow and i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e  t o  a l lo w  
th e  v e in s  t o  f i l l .  Once t h e  s u p e r f i c i a l  v e in s  were d i s t e n d e d  t h e  
p r e s s u r e  i n  t h e  c u f f  was r a i s e d  t o  20 mm. Hg. above t h e  s y s t o l i c  p r e s s u r e  
and m a i n t a i n e d  f o r  10 m in u te s  when a sample o f  b lood  was o b t a i n e d  from an 
a n t e c u b i t a l  v e i n  i n  t h e  e x p e r i m e n t a l  arm ( S p e c . l ,  T a b le  IV) and in  th e  
c o n t r o l  arm. The p r e s s u r e  i n  t h e  c u f f  was t h e n  reduced  t o  the  d i a s t o l i c  
l e v e l .  Specimens o f  b lo o d  were  t h e n  o b ta in e d  from a n o t h e r  a n t e c u b i t a l  
v e i n  i n  t h e  e x p e r im e n ta l  arm (-Spec.2 ,  Tab le  IV) and from a f i n g e r - t i p  i n  
b o th  th e  e x p e r i m e n t a l  and c o n t r o l  a rm s.
T a b le  IV
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and  c o n t r o l  arms in  Exper iment  4
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n t a g e  o f  f i b r i n  l y s e d  p e r  h o u r )
S u b je c t
No. E x p e r im e n ta l  arm C o n t r o l  arm
Spec .1 Spec .2 F i n g e r - t i p Venousb lood
F i n g e r - t i p
b lo o d
1 2 .7 5.7 16 .6 0 .3 •g
2 2 . 0 4 .8 8 .3 0 . 6 •d w 0) ww 23 2 . 6 10.4 1 6 .6 0 . 4 oM JG
4 8 .3 14.3 1 6 . 6 ’ 0 . 6 <Ll ^
5 2 .3 4 .1 8 .3 0 .3 Z
j
From T ab le  IV i t  w i l l  be s een  t h a t  i n  each  c a s e  th e  f i b r i n o l y t i c  
a c t i v i t y  o f  t h e  p lasma o f  a l l  specimens f rom t h e  e x p e r i m e n t a l  arm was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  from th e  c o n t r o l  arm. In  each  c a s e  t h e  
f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 2 was g r e a t e r  t h a n  t h a t  o f  Specimen 1 
and f u r t h e r  th e  f i b r i n o l y t i c  a c t i v i t y  of  b lo o d  from t h e  f i n g e r - t i p  was 
g r e a t e r  th a n  t h a t  o f  Specimen 2 .
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Experim ent  5
T h is  was u n d e r t a k e n  t o  d e te rm in e  w he the r  t h e r e  was a c e n t r i f u g a l  
i n c r e a s e  in  f i b r i n o l y t i c  a c t i v i t y  in  t h e  v e i n s ,  a p o s s i b i l i t y  s u g g e s t e d  
by th e  r e s u l t s  o f  Expe r im en ts  3 and 4.
T a b le  V
Plasma f i b r i n o l y t i c  a c t i v i t y  in s u c c e s s i v e  specimens  
removed from t h e  same v e in  in  Experiment  5
Plasma f i b r i n o l y t i c  a c t i v i t y
( P e rc e n ta g e o f  f i b r i n  l y s e d  p e r  h o u r )
S p e c  i  m e n ,
S u b j e c t 1 2 3 4 5No.
1 3 .6 3 .6 4 .1 6.9 8 .3
2 2 . 2 1.9 4 .3 6 . 2 - f.'I
O b s e r v a t io n s  were made on 2 s u b j e c t s .  A c u f f  was a p p l i e d  above 
t h e  elbow and i n f l a t e d  t o  t h e  d i a s t o l i c  l e v e l .  Once th e  s u p e r f i c i a l  v e in s  
were d i s t e n d e d  t h e  p r e s s u r e  in  t h e  c u f f  was r a i s e d  t o  20 mm. Hg. above th e  
s y s t o l i c  b lo o d  p r e s s u r e  and m a in t a in e d  f o r  10 m in u te s .  V enepuncture  was 
th e n  pe r fo rm ed  and 5 c o n s e c u t i v e  specimens  o f  5 ml. each  were removed as  
r a p i d l y  a s  p o s s i b l e  th ro u g h  th e  same n e e d l e .  The f i b r i n o l y t i c  a c t i v i t y  o f  
each  specimen was d e t e r m i n e d .
The r e s u l t s  a r e  s e t  o u t  i n  T a b le  V from which i t  w i l l  be s een  t h a t  
t h e r e  was a p r o g r e s s i v e  i n c r e a s e  in  f i b r i n o l y t i c  a c t i v i t y  in  each 
s u c c e s s i v e  specimen in  b o th  c a s e s . f o l l o w i n g  th e  second  spec im en .
Exper im en t  6
I t  seemed d e s i r a b l e  t o  d e t e r m in e  w h e th e r  a r r e s t  o f  t h e  c i r c u l a t i o n  
to  a f i n g e r  a lo n e  would  r e s u l t  i n  the  p r o d u c t i o n  o f  i n c r e a s e d  f i b r i n o l y t i c  
a c t i v i t y  i n  b lo o d  c o n t a i n e d  t h e r e i n  and i f  so how long t h i s  i n c r e a s e d  
a c t i v i t y  p e r s i s t e d . f o l l o w i n g  r e s t o r a t i o n  of  the  c i r c u l a t i o n .
■I
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O b s e r v a t io n s  were made on 4 s u b j e c t s .  Venous r e t u r n  from a f i n g e r  
was impeded by a l i g a t u r e  u n t i l  the  v e i n s  were d i s t e n d e d .  The l i g a t u r e  
was t h e n  t i g h t e n e d  t o  occ lu d e  t h e  a r t e r i a l  s u p p ly .  Ten m in u te s  l a t e r  a 
spec imen o f  b lo o d  was o b t a i n e d  from the  f i n g e r - t i p  ( S p e c . l ,  T ab le  VI)  
and f rom th e  t i p  o f  a n o t h e r  f i n g e r  o f  t h e  same hand (C o n t ro l  f i n g e r - t i p .  
T a b le  V I ) .  The l i g a t u r e  was r e l e a s e d  and  a specimen o b t a i n e d  one minute 
l a t e r  ( S p e c .2 ,  T a b le  V I ) . ■I
T a b le  VI
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and c o n t r o l  arms i n  Exper im en t  6
S u b j e c t
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  ho u r )
E x p e r im e n ta l  arm
S p e c .1 
( F i n g e r - t i p )
Spec .2 
( F i n g e r - t i p )
C o n t r o l  f i n g e r - t i p
r 71 ; -IM
8.3
16.7
12.5
12 .5
T3 V)0) uV) 3  OH Æ
D ^  
C  CM Oz
c•H
• O  COu
CO 3
<U
Z
In  a l l  c a s e s  Specimen 1 showed s i g n i f i c a n t  f i b r i n o l y t i c  a c t i v i t y .  
In each  c a se  Specimen 2 and t h e  c o n t r o l  f a i l e d  t o  l y s e d i n  24 h o u r s .
Exper im en t  7
The r e s u l t s  o f  Exper im ent  6 r e n d e re d  i t  n e c e s s a r y  t o  d e te rm in e  th e  
s o u rc e  o f  t h e  i n c r e a s e d  a c t i v i t y  e n c o u n te r e d  i n  b lo o d  from the f i n g e r - t i p  
5 m in u te s  a f t e r  r e s t o r a t i o n  o f  th e  c i r c u l a t i o n  i n  Exper im en t  3 .  E i t h e r  
t h i s  was l o c a l l y  p roduced  i n  the  sm al l  v e s s e l s  o f  t h e  f i n g e r - t i p  o r  
a l t e r n a t i v e l y  i t  had  i t s  o r i g i n  i n  the  a r t e r i a l  t r e e  i n  th e  i sch aem ic  p a r t  
o f  t h e  l im b .
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Experim ent  1 was r e p e a t e d  on 4 s u b j e c t s  and 5 m inu tes  a f t e r  
r e d u c t i o n  o f  t h e  p r e s s u r e  t o  the  d i a s t o l i c  l e v e l  specimens were o b t a in e d  
f rom th e  r a d i a l  a r t e r y  ( S p e c . l ,  T ab le  V I I ) ,  from an a n t e c u b i t a l  v e in  
(Spec .2 ,  T a b le  V I I ) ,  and from an a n t e c u b i t a l  v e in  i n  the  c o n t r o l  arm. I t  
s h o u ld  be n o t e d  t h a t  l o c a l  p r o c a in e  a n a e s t h e s i a  was used  p r i o r  t o  o b t a i n ­
in g  the  specimen from the  r a d i a l  a r t e r y .
T a b le  VII
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r i m e n t a l  
and c o n t r o l  arms i n  Exper im ent  7
■'i
nï
n
ii
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n t a g e  o f  f i b r i n  l y s e d  p e r  h o u r )
o u u j e c i  
No. E x p e r im e n ta l  arm ------------------C o n t r o l  arm 
( A n t e c u b i t a l  v e i n )S p e c .1 
( R a d ia l  a r t e r y )
Spec .2 
( A n t e c u b i t a l  ve in)
1 5 16.6 5
2 16.6 14.2 8 .2
3 12.5 6 .6 6 .6
4 16.6 11.1 5 .5
■!| :v!
t l
In  3 c a s e s  t h e  f i b r i n o l y t i c  a c t i v i t y  of  Specimen 1 was g r e a t e r  than  
t h a t  o f  Specimen 2 o r  o f  t h e  c o n t r o l .  In  the  rem ain ing  c a s e  i t  was l e s s  
th a n  t h a t  o f  Specimen 2 and e q u a l  t o  t h e  c o n t r o l .  The f i b r i n o l y t i c  
a c t i v i t y  o f  each  o f  t h e  c o n t r o l  specimens  was c o n s i d e r a b l y  i n c r e a s e d .
Exper iment  8
T h i s  was u n d e r t a k e n  t o  d e te rm in e  w hether  i sch a em ia  would s t i m u l a t e  
t h e  p r o d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s  d i s t a l  i n  the  l i n e  
o f  f lo w  to  t h e  o c c lu d in g  c u f f .
O b s e r v a t io n s  were made on 4 s u b j e c t s .  F ig u re  4 i l l u s t r a t e s  t h i s  
e x p e r im e n t .  A sphygmomanometer c u f f  was a p p l i e d  above the  elbow ( t h e
'in
UPPER CUFF DIASTOLIC PRESSURE
SPECIMEN 1
LOWER CUFF ' 5 0  MM. Htf > SYSTOLIC
V  D D C C C
SPECIMEN 2
I
F ig u re  4 .  Exper im en t  8
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u p p e r  c u f f )  and a second  c u f f  over  the  m id - fo re a rm .  The upper  c u f f  was 
i n f l a t e d  t o  t h e  d i a s t o l i c  p r e s s u r e  and t h e  lower  c u f f ,  once the  v e i n s  
were  d i s t e n d e d ,  was i n f l a t e d  t o  50 mm. Hg. above t h e  s y s t o l i c  p r e s s u r e .
Tab le  V I I I
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r i m e n t a l  
and c o n t r o l  arms i n  Exper iment  8
S u b je c t  
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n t a g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im e n ta l  arm
C o n t r o l  arm
S p e c . 1 S p e c . 2
1 11.1 7 .7 0 . 2
2 12.5 8 .3 0 .3
3 10 . 0 5 .2 0 .5
4 8.3 4.7 0 . 2
Samples o f  b lo o d  were  removed 5 m inu tes  l a t e r  f rom  an  a n t e c u b i t a l  v e in  
be tw een  the  c u f f s  ( S p e c . l ,  T a b le  V I I I ) ,  from a v e in  a t  t h e  w r i s t  below 
t h e  lower  c u f f  ( S p e c . 2 ,  T ab le  V I I I ) ,  and from an a n t e c u b i t a l  v e in  o f  the  
c o n t r o l  arm.
While f i b r i n o l y t i c  a c t i v i t y  d e v e lo p e d  in  b o th  Specimens 1 and 2 ,  in  
a l l  4 s u b j e c t s  t h a t  o f  Specimen 1 was s i g n i f i c a n t l y  g r e a t e r  th an  t h a t  of  
Specimen 2 .
Comment
I t  h a s  been  shown t h a t  a r r e s t  o f  t h e  a r t e r i a l  su p p ly  t o  p a r t  o f  a 
l imb r e s u l t s  i n  the  deve lopm ent  o f  f i b r i n o l y t i c  a c t i v i t y  i n  b lood  in  
v e i n s  w i t h i n  t h a t  p a r t .  The i n t e n s i t y  o f  t h i s  a c t i v i t y  i s  s i g n i f i c a n t l y  
l e s s  th an  t h a t  e n c o u n te r e d  in  b lo o d  f low ing  th ro u g h  the  limb 5 m inu tes  
su b se q u e n t  t o  r e s t o r a t i o n  o f  t h e  a r t e r i a l  f lo w .  I t  can be ta k e n  t h a t
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t h i s  l a t t e r  a c t i v i t y  i s  im p a r te d  to  the  b lood  in  c o u r se  o f  c i r c u l a t i o n  
th ro u g h  the  p a r t  o f  t h e  limb p r e v i o u s l y  r en d e re d  i s c h a e m ic .  The 
f i n d i n g  in  E xpe r im en ts  3 and 4 t h a t  th e  f i b r i n o l y t i c  a c t i v i t y  o f  
' c a p i l l a r y *  b lo o d  i s  g r e a t e r  th an  t h a t  o f  b lood  from an a n t e c u b i t a l  v e in  
i s  c o n s i s t e n t  w i t h  the  m ajor  a c t i v i t y  d e v e lo p in g  e i t h e r  i n  the  ' c a p i l l a r y *  
bed o r  in  the  a r t e r i a l  t r e e  w i t h i n  t h a t  p a r t  o f  th e  limb ren d e re d  
i s c h a e m ic .  The d e m o n s t r a t i o n  in  the  i sch a em ic  l im b ,  Exper im ent  5, o f  a 
c e n t r i f u g a l  i n c r e a s e  in  f i b r i n o l y t i c  a c t i v i t y  i n  th e  venous t r e e  would 
a p p e a r  t o  s u p p o r t  th e  fo rm er  a s  th e  s o u r c e . However the  r e s u l t s  o f  
Exper im en t  6 a r e  a g a i n s t  t h i s .  In  t h i s  e x p e r im en t  i t  has  been shown t h a t  
i f  a f i n g e r  i s  r e n d e re d  i s ch a em ic  the f i b r i n o l y t i c  a c t i v i t y  which deve lops  
in  ' c a p i l l a r y *  b lo o d  d i s a p p e a r s  w i t h i n  one minute o f  r e s t o r a t i o n  o f  the 
a r t e r i a l  f lo w .  Exper iment  7 would ap p ea r  t o  e s t a b l i s h  the  a r t e r i a l  t r e e  
as  th e  s i t e  o f  the  major  development  o f  f i b r i n o l y t i c  a c t i v i t y .  I t  w i l l  be 
s e e n .  C h ap te r  8 , t h a t  t h i s  e v id e n c e  i s  s u s p e c t  s i n c e  i t  i s  shown t h e r e i n  
t h a t  p r o c a i n e  s t i m u l a t e s  th e  p r o d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  an 
a r t e r y .  N e v e r t h e l e s s  th e  e v id e n c e  i s  i n  f a v o u r  o f  the  s i t e  of  t h e  major  
development  o f  f i b r i n o l y t i c  a c t i v i t y  f o l l o w i n g  r e s t o r a t i o n  o f  a r t e r i a l  
f lo w  in  an ischa em ic  limb b e in g  t h e  a r t e r i a l  t r e e .
The f i n d i n g  in  Experiment  5 o f  a c e n t r i f u g a l  i n c r e a s e  in  f i b r i n o l y t i c  
a c t i v i t y  w i t h i n  v e in s  d u r in g  c i r c u l a t o r y  a r r e s t  i s  c o n s i s t e n t  w i th  th e  
a c t i v i t y  b e i n g  im p a r te d  by th e  v e s s e l  w a l l .
I t  has  been  shown t h a t  a r r e s t  o f  th e  a r t e r i a l  c i r c u l a t i o n  t o  the 
d i s t a l  p a r t  o f  an arm by an  i n f l a t e d  c u f f  e n c i r c l i n g  the  l imb n o t  on ly  
r e s u l t s  in  t h e  developm ent  o f  f i b r i n o l y t i c  a c t i v i t y  in  th e  plasma o f  b lood  
w i t h i n  v e in s  i n  the p a r t  r e n d e re d  i schaem ic  b u t  i t  a l s o  r e s u l t s  in  
f i b r i n o l y t i c  a c t i v i t y  o f  even  g r e a t e r  i n t e n s i t y ,  d e v e lo p in g  w i t h i n  v e in s  
in  the  p rox im al  p a r t  o f  the  limb above th e  c u f f .  T h i s  s u g g e s t s  the  
p o s s i b i l i t y  o f  a r e f l e x  mechanism b e in g  in v o lv e d .
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Chapter 4
INDUCED PLASMA FIBRINOLYTIC ACTIVITY WITHIN VEINS IN MAN 
2 .  ADRENALINE, ACETYLCHOLINE, HISTAMINE, PITUITRIN |
S in ce  i t  has  been shown,C h a p te r  3,  t h a t  plasma f i b r i n o l y t i c  a c t i v i t y   ^ .
d e v e lo p s  w i t h i n  v e in s  i n  a l imb re n d e re d  ischaem ic  i t  seemed p o s s i b l e  t h a t  '[
s u b cu ta n eo u s  v e in s  o f  t h e  arm m igh t  be employed in  an i n v e s t i g a t i o n  o f  the  
e f f e c t  o f  o t h e r  s t i m u l i .
I n i t i a l  o b s e r v a t i o n s  were wi'th a d r e n a l i n e  s i n c e  t h i s  was t h e  on ly  ^ '' !s u b s t a n c e  known t o  induce  f i b r i n o l y s i s  i n  man. B ig g s ,  M acfa r lane  and ■ ?
P i l l i n g  (1 )  f i r s t  showed t h a t  th e  subcu taneous  i n j e c t i o n  o f  a d r e n a l i n e
; "1i n d u c ed  f i b r i n o l y t i c  a c t i v i t y  o f  t h e  plasma in  normal  s u b j e c t s .
EXPERIMENTS
P r e l i m i n a r y  O b s e rv a t io n s
In  view o f  th e  n a t u r e  o f  t h e  ex p e r im e n ts  s u b s e q u e n t l y  t o  be d e s c r i b e d  
i t  was n e c e s s a r y  t o  d e te rm in e  t h e  t ime t a k e n  f o r  th e  p r e s s u r e  i n  an a n t e ­
c u b i t a l  v e in  t o  r i s e  t o  t h a t  o f  a sphygmomanometer c u f f  a p p l i e d  above th e  
elbow and i n f l a t e d  t o  t h e  d i a s t o l i c  p r e s s u r e .  O b s e r v a t io n s  were made on 
8 s u b j e c t s .  A n e e d le  c o n n e c te d  t o  an e le c t ro m an o m e te r  and r e c o r d i n g  
a p p a r a t u s  was i n s e r t e d  i n t o  an  a n t e c u b i t a l  ve in  and a sphygmomanometer 
c u f f  a p p l i e d  above t h e  elbow was i n f l a t e d  to  t h e  d i a s t o l i c  p r e s s u r e .
The t im e  t a k e n  f o r  th e  venous p r e s s u r e  t o  r i s e * t o  t h a t  in  th e  c u f f  
r an g e d  f rom  165 t o  210 (mean 188 w i t h  S .E .  -  6 ) s e c o n d s .
ADRENALINE 
Expe r im en t  9A
O b s e r v a t io n s  were made on 3 s u b j e c t s .  A d r e n a l in e  h y d r o c h l o r i d e , 1 / u g . 
i n  0 . 1  ml.  normal  s a l i n e ^ w a s  i n j e c t e d  i n t o  th e  median b a s i l i c  v e in  a t  th e  
elbow.  F ive  m inu tes  l a t e r  a sphygmomanometer c u f f  was a p p l i e d  above th e  
elbow and a specimen o f  b lo o d  t a k en  from th e  v e in  a t  the  s i t e  o f  t h e  
i n j e c t i o n .  At th e  same t im e  a specimen o f  venous b lo o d  was o b t a i n e d  from 
t h e  o p p o s i t e  arm.
•I
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The f i b r i n o l y t i c  a c t i v i t y  o f  the  plasma o f  each  o f  t h e . s p e c im e n s  
was w i t h i n  normal  l i m i t s  and  in  no case  was t h e r e  s i g n i f i c a n t  d i f f e r e n c e  
between th e  a c t i v i t y  o f  plasma f rom th e  e x p e r im e n ta l  l imb and t h a t  o f  
the c o n t r o l .
Exper im en t  9B
T h i s  was u n d e r t a k e n  to  d e te rm in e  i f  a p e r i o d  o f  r e t e n t i o n  o f  
a d r e n a l i n e  w i t h i n  a segment o f  a  v e in  would r e s u l t  i n  t h e  development o f  
f i b r i n o l y t i c  a c t i v i t y  i n  t h e  p lasma o f  b lood  w i t h i n  t h a t  v e i n .
O b s e rv a t io n s  were made on 5 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above t h e  elbow o f  th e  e x p e r im e n ta l  arm and i n f l a t e d  t o  t h e  
d i a s t o l i c  p r e s s u r e .  A d r e n a l in e  h y d r o c h l o r i d e ,  1 /u g .  in  0 . 1  ml.  o f  normal
T ab le  IX
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  and c o n t r o l  
arms f o l l o w i n g  th e  i n j e c t i o n  o f  1 / i g . o f  a d r e n a l i n e  i n t o  
th e  median b a s i l i c  v e in  i n  Experiment  9B
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n ta g e  o f  f i b r i n  l y s e d  p e r  ho u r )
S u b je c t
No. E x p e r im en ta l  arm C o n t r o l  arm 
( A n t e c u b i t a l  v e i n )S p e c . 1 
(Median b a s i l i c  v e in )
S p e c .2 
(W r is t  v e i n )
1 8.3 3 0 .3
2 6 .7 6 .7 4 .2
3 8.3 8 .3 2 .7
4 8.3 6 .7 2
5 4.2 2 . 1 0 . 6
i,i\
s a l i n e ,  was i n j e c t e d  i n t o  t h e  median b a s i l i c  v e i n  i n  t h e  a n t e c u b i t a l  
f o s s a  and 5 m inu tes  l a t e r  samples  o f  b lo o d  were o b t a i n e d  from t h a t  v e in  
( S p e c . l ,  T a b le  IX),  f rom a v e i n  a t  t h e  w r i s t  ( S p e c . 2 ,  T a b le  IX) and from 
an a n t e c u b i t a l  v e in  o f  t h e  c o n t r o l  arm.
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In  each  c a s e  th e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimens 1 and 2 were 
s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  th e  c o n t r o l .  I f  t h e  f i b r i n o l y t i c  
a c t i v i t y  o f  Specimens 1 and 2 a r e  compared i t  w i l l  be s e e n  t h a t  e q u a l l y  
i n t e n s e  a c t i v i t y  had d ev e lo p ed  i n  bo th  specimens  i n  2 s u b j e c t s .
Exper im en t  lOA
O b s e rv a t io n s  were  made on 3 s u b j e c t s .  A d re n a l in e  h y d r o c h l o r i d e  
1 0/Ug. i n  0 .1  ml o f  normal s a l i n e  was i n j e c t e d  a l o n g s i d e  th e  median b a s i l i c  
v e i n  i n  t h e  a n t e c u b i t a l  f o s s a .  Five m inu tes  l a t e r  a sphygmomanometer c u f f ,  
a p p l i e d  above t h e  e lbow ,  was i n f l a t e d  t o  the d i a s t o l i c  p r e s s u r e  and a 
specimen o f  b lo o d  was removed from t h e  segment o f  v e in  a l o n g s i d e  which 
th e  a d r e n a l i n e  had been i n j e c t e d .  A specimen o f  venous b lo o d  was removed 
f rom th e  c o r r e s p o n d i n g  v e i n  o f  t h e  o p p o s i t e  arm.
The f i b r i n o l y t i c  a c t i v i t y  o f  th e  p lasma o f  each  o f  th e  specimens  
was w i t h i n  normal l i m i t s  and i n  no case  was t h e r e  s i g n i f i c a n t  d i f f e r e n c e  
be tween  th e  a c t i v i t y  of  plasma from th e  e x p e r im e n ta l  l imb and t h a t  o f  the  
c o n t r o l .
Expe r im en t  lOB
T h is  was u n d e r t a k e n  to  d e te rm in e  i f  t h e  p r e se n c e  o f  an i n f l a t e d  c u f f  
a round  the arm above th e  s i t e  o f  pa ravenous  i n j e c t i o n  o f  a d r e n a l i n e  would 
r e s u l t  i n  th e  development  o f  f i b r i n o l y t i c  a c t i v i t y  i n  t h e  plasma o f  b lood  
w i t h i n  t h e  v e i n .
O b s e r v a t i o n s  were  made on 21 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above t h e  elbow on t h e  e x p e r i m e n t a l  arm and i n f l a t e d  t o  t h e  
d i a s t o l i c  p r e s s u r e .  A d r e n a l in e  h y d r o c h l o r i d e , 10/ u g . in  0 . 1  ml,  o f  normal 
s a l i n e ,  was i n j e c t e d  a l o n g s i d e  t h e  median b a s i l i c  v e i n  o f  t h e  e x p e r im e n ta l  
arm as  in  Experiment  10A. F ive  m inu tes  l a t e r  sanç>les o f  b lood  were 
o b t a i n e d  from t h a t  v e i n  ( S p e c . l ,  T a b le  X ) , from a v e in  a t  the  w r i s t  
( S p e c . 2 ,  Table  X) and i n  7 s u b j e c t s ,  f rom the  t i p  o f  th e  middle f i n g e r  
( S p e c . 3,  Tab le  X) .  A sample o f  venous b lood  was a l s o  t a k e n  in  each  
s u b j e c t  f rom th e  c o n t r o l  arm.
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Table  X
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms 
f o l l o w i n g  t h e  i n j e c t i o n  o f  1 0 /ug .  o f  a d r e n a l i n e  a l o n g s id e  
th e  median b a s i l i c  v e in  in  Exper im ent  lOB
Plasma f i b r i n o l y t i c  a c t i v i t y
No, E x p e r im en ta l armS p e c .1 
(Median b a s i l i c  
v e in )
Spec .2 
(W ris t  v e in )
S p ec .3 
( F i n g e r ­
t i p )
^oxiviTox clrni 
( A n tek u b i ta l  
v e i n )
1 12.5 12 .5 - 3 .0
2 10.0 10 . 0 - 4.2
3 66:7 6 .7 - 0 .3
4 6 .7 6 .7 - 0 .7
5 5 .0 5 .0 - 0 . 6
6 6 .7 6 .7 - 2 .5
7 5 .0 4 .6 - 1 .4
8 14.3 11.1 - 5 .5
9 6.3 6 .3 - 2 .5
10 6 .3 6 .3 - 2 .7
11 16.6 16 .6 - 5 .5
12 12 .5 12 .5 - 6 .3
13 14.3 8 .3 - 0 .6
14 12.5 12 .5 - 3 .0
15 8 .3 4 .2 - 5 .9 4 .0
16 2 0 . 0 5 .0 4 .3 4.2
17 14.3 14 .3 8 .3 5 .9
18 6.7 6 .7 4 .6 4.6
19 16.6 16 .6 5 .9 5.9
20 12.5 12 .5 16.6 8 .3
21 12.5 11 . 1 8 .3 2 . 0
■ i\
UPPER CUFF DIASTOLIC PRESSURE
SPECIMEN 1
> \L O W E R  CUFF 
^  5 0  MM. Hg ;
-  ADRENALINE 
SPECIMEN 2
SYSTOLICPRESSURE
Fig u re  5 .  Exper im en t  11
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In  each  c a s e  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 from th e  v e in  
n e a r  t h e  s i t e  o f  i n j e c t i o n  was s i g n i f i c a n t l y  g r e a t e r  th an  t h a t  o f  th e  
c o n t r o l  and in  a l l  save Nos. 15 and 16; t h i s  was a l s o  t r u e  o f  Specimen 2 
o b t a i n e d  from a w r i s t  v e i n .  In  th e  two e x c e p t i o n s  t h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e .  The f i b r i n o l y t i c  a c t i v i t y  o f  c a p i l l a r y  b lood  ( S p e c . 3)  in  4 
c a s e s  was s i g n i f i c a n t l y  g r e a t e r  t h a n  t h a t  o f  the  c o n t r o l  b u t  in  t h e  
rem a in in g  3 t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e .  I f  the  f i b r i n o l y t i c  
a c t i v i t y  o f  Specimens 1 and 2 a r e  compared i t  w i l l  be seen  t h a t  i n  16 o f  
the 21 s u b j e c t s  e q u a l l y  i n t e n s e  a c t i v i t y  had deve loped  in  b o th  spec im ens .
T h i s  exper im en t  was r e p e a t e d  on o t h e r  s u b j e c t s  w i th  p r o g r e s s i v e l y  
s m a l l e r  d oses  o f  a d r e n a l i n e  and th e  specimens  o f  b lood  have been t a k e n  a t  
s h o r t e r  i n t e r v a l s  f o l l o w i n g  t h e  i n j e c t i o n .  The s m a l l e s t  dose  o f  a d r e n a l i n e  
employed was 1yug. in  0 . 1  ml.  o f  s a l i n e  and t h i s  had an e f f e c t  e q u a l  t o  
t h a t  r e p o r t e d  f o r  l O ^ g .  F i b r i n o l y t i c  a c t i v i t y  has  been found t o  d e v e lo p  
w i t h i n  2 m in u te s  o f  t h e  i n j e c t i o n  and i t  was even more i n t e n s e  th a n  t h a t  
a f t e r  5 m in u te s .
Experiment 11
In  b o th  E x p e r im en ts  9B and lOB the  development o f  f i b r i n o l y t i c  
a c t i v i t y  in  v e i n s ,  w e l l  removed p ro x im a l ly  in  th e  l i n e  o f  f low from th e  
s i t e  o f  i n j e c t i o n ,  s u g g e s t e d  t h a t  a r e f l e x  mechanism was in v o l v e d .
O b s e r v a t io n s  were made on 4 s u b j e c t s .  F ig u re  5 i l l u s t r a t e s  t h i s  
e x p e r im e n t .  A sphygmomanometer c u f f  was a p p l i e d  above th e  elbow ( t h e  
upper  c u f f )  and a second  c u f f  o v e r  th e  m id - fo re a rm  ( t h e  lower c u f f ) .  The 
upper  c u f f  was i n f l a t e d  t o  t h e  d i a s t o l i c  p r e s s u r e  and th e  lower c u f f ,  once 
th e  v e i n s  were d i s t e n d e d ,  was i n f l a t e d  t o  50 mm. Hg. above th e  s y s t o l i c  
p r e s s u r e .  A d r e n a l i n e , 10y i g . i n  0 .1  ml. o f  s a l i n e  was i n j e c t e d  a l o n g s i d e  a 
v e in  below th e  lower c u f f .  Samples  of  b lo o d  were removed 5 m inu tes  a f t e r  
the i n j e c t i o n  f rom an a n t e c u b i t a l  v e in  between the  c u f f s  ( S p e c . l ,  T a b le  X I ) ,  
from t h e  ve in  a t  the s i t e  o f  i n j e c t i o n  ( S p e c . 2 ,  T a b le  XI) and from an 
a n t e c u b i t a l  v e in  o f  th e  o p p o s i t e  arm. The f i b r i n o l y t i c  a c t i v i t y  o f  th e  
plasma o f  each specimen was e s t i m a t e d .
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Table XI
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and c o n t r o l  arms i n  Experiment  11
S u b je c t
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
No. E x p e r im e n ta l  arm C o n t r o l  arm
Spec .1 Spec .2
1 16.6 4.6 4 .3
2 16.6 4 .6 1 . 0
3 11.1 7 .7 0 .2
4 12 .5 8.3 0 .3
F i b r i n o l y t i c  a c t i v i t y  dev e lo p ed  in  b o th  Specimens 1 and 2 i n  a l l  
4 s u b j e c t s  b u t  t h a t  o f  Specimen 1 was s i g n i f i c a n t l y  g r e a t e r  th a n  t h a t  o f  
Specimen 2 .  On com par ison  o f  t h e s e  r e s u l t s  w i t h  th o se  o b t a i n e d  w i th  
i s c h a e m ia  a lo n e  (Tab le  V I I I ,  C h a p te r  3) no s i g n i f i c a n t  d i f f e r e n c e  emerges .  
A d r e n a l in e  f a i l e d  to  in duce  f i b r i n o l y t i c  a c t i v i t y  g r e a t e r  th a n  t h a t  which 
would have r e s u l t e d  f rom ischaem ia  a l o n e .
The ex p e r im en t  has  been  r e p e a t e d  w i t h  the a d r e n a l i n e  i n j e c t e d  i n t o  
th e  v e i n .  The r e sp o n s e  d id  not  d i f f e r  f rom  t h a t  r e p o r t e d  f o r  th e  paravenous  
i n j e c t i o n .
ACETYLCHOLINE 
Experiment 12
Experiment 9 was repeated on 3 subjects substituting for adrenaline 
100yug. of acetylcholine in 0.1 ml. of saline.
The r e s u l t s  a r e  s e t  o u t  i n  T a b le  X I I .  In  each  ca se  th e  f i b r i n o l y t i c  
a c t i v i t y  o f  Specimen 1 was g r e a t e r  than  t h a t  o f  Specimen 2 which i n  t u r n
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Table XII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r i m e n t a l  and c o n t r o l  arms 
f o l l o w i n g  th e  i n j e c t i o n  o f  1 0 0 yug. o f  a c e t y l c h o l i n e  
i n t o  th e  median b a s i l i c  v e i n  i n  Exper im ent  12
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
S u b je c t  
No. E x p e r im e n ta l  arm C o n t r o l  arm 
( A n t e c u b i t a l  
v e in )
S p e c .1 
(Median b a s i l i c  
v e in )
S p e c .2 
(W ris t  
v e in )
1 33 .3 16.6 6 .6
2 7 .2 5 .5 2 . 0
3 20 . 0 16 .6 9 .0
was s i g n i f i c a n t l y  g r e a t e r  than  t h a t  o f  t h e  c o n t r o l
Exper im en t  13
Exper im en t  lOB was r e p e a t e d  on 11 s u b j e c t s  s u b s t i t u t i n g  f o r  
a d r e n a l i n e  th e  f o l l o w i n g  q u a n t i t i e s  o f  a c e t y l c h o l i n e  in  0 . 1  ml.  s a l i n e :
1 mg. (3 s u b j e c t s ) ;  10/ i g .  (6  s u b j e c t s ) ;  1 / J g .  (2 s u b j e c t s ) .
The r e s u l t s  a r e  s e t  o u t  i n  T a b le  X I I I .  No e f f e c t  was e x e r t e d  by 
1 /u g .  With a dosage  o f  10 / i g .  and o f  1 mg. the  f i b r i n o l y t i c  a c t i v i t y  
o f  Specimen 1 and o f  Specimen 2 i n  each  case  were s i g n i f i c a n t l y  g r e a t e r  
th a n  t h a t  o f  th e  c o n t r o l .  I f  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimensl  and
2 a r e  compared, i n  6 o f  the  9 s u b j e c t s  e q u a l l y  i n t e n s e  a c t i v i t y  was 
e n c o u n t e r e d .
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Table XIII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms f o l lo w in g  
th e  paravenous  i n j e c t i o n  o f  a c e t y l c h o l i n e  in  Exper im ent  13
S u b je c t
No.
Q u a n t i t y  o f  
a c e t y l c h o l i n e  
in  0 . 1  ml.  
s a l i n e
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im en ta l  arm C o n t r o l  arm 
( A n t e c u b i t a l  
v e in )
S p e c .1 
(Median b a s i l i c  
v e in )
S p e c .2 
(W ris t  
v e in )
1 1 mg. 12 .5 12.5 6 .7
2 1 mg. 11.1 11.1 4 .2
3 1 mg. 25 .0 22.0 6 .7
4 10 / Jg . 2 5 .0 14.3 11.1
5 1 0 /ug. 16.6 16.6 10 .0
6 1 0 / j g . 6 .0 6 . 0 4 .0
7 10 /ug. 16.6 12.5 6 .2
8 10 /u g . 14.3 14.3 6 .2
9 1 0 /ug . 16.6 16.6 9 .0
10 1 /ug . 1.1 1 .1 1 . 1
11 1 /u g . 0 . 6 0 . 8 0 . 4
Experiment 14
Experim ent  11 was r e p e a t e d  on 4 s u b j e c t s  s u b s t i t u t i n g  f o r  a d r e n a l i n e  
10yAig. o f  a c e t y l c h o l i n e  i n  0 . 1  m l .  s a l i n e .  Paravenous  i n j e c t i o n  was 
employed in  2 and i n t r a v e n o u s  i n j e c t i o n s  i n  th e  rem a in d e r .
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Table XIV
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  
and c o n t r o l  arms i n  Experiment  14
S u b je c t
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im e n ta l  arm
C o n t r o l  arm
S p e c .1 S p e c .2
1 11.1 6.6 2 . 1
2 14 .2 6 .6 3 .6
3 9 .0 5 .8 3 .2
4 10 .4 6.2 1 .7
The r e s u l t s  a r e  s e t  ou t  i n  T a b le  XIV and a r e  s i m i l a r  t o  th o s e  
r e p o r t e d  i n  Exper iment  11.  On compar ison  o f  t h e s e  r e s u l t s  w i t h  th o se  
o b t a i n e d  w i th  i sch aem ia  a lo n e  (T ab le  V I I I ,  C h ap te r  3) no s i g n i f i c a n t  
d i f f e r e n c e  em erges .  A c e t y l c h o l i n e  f a i l e d  to  induce  f i b r i n o l y t i c  a c t i v i t y  
g r e a t e r  th a n  t h a t  which would r e s u l t  from ischaem ia  a l o n e .
HISTAMINE 
Experim ent  15
O b s e rv a t io n s  were made on 12 s u b j e c t s  who w e r e ,d i v i d e d  i n t o  two 
e q u a l  g r o u p s . A sphygmomanometer c u f f  was a p p l i e d  above th e  elbow o f  the  
e x p e r i m e n t a l  arm and i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e .  H is tam in e ,  0 .25  
^ g .  i n  0 . 1  ml .  o f  normal s a l i n e  was i n j e c t e d  in  one group i n t o  an a n t e c u b i t a l  
v e i n  and in  the  o t h e r  a l o n g s i d e  an  a n t e c u b i t a l  v e i n .  Five  m inu tes  l a t e r  
sam ples  o f  b lo o d  were o b t a i n e d  f rom t h a t  v e in  and f rom  an a n t e c u b i t a l  v e in  
o f  th e  c o n t r o l  arm and th e  f i b r i n o l y t i c  a c t i v i t y  o f  each  sample d e t e r m in e d .
The r e s u l t s  a r e  s e t  ou t  i n  Table  XV. With th e  e x c e p t io n  o f  s u b j e c t s
No. 6 and 12, i n  each  c a s e  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  t h e  specimen from
the  e x p e r i m e n t a l  arm was s i g n i f i c a n t l y  i n c r e a s e d  and was g r e a t e r  t h a n  t h a t
from t h e  c o n t r o l  arm. The a c t i v i t y  o f  the  specimen from th e  e x p e r im e n ta l
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Table XV
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  and c o n t r o l  
arms f o l l o w i n g  t h e  i n j e c t i o n  o f  0 .2 5 y u g . o f  h i s t a m i n e  in  
0 . 1  ml.  o f  normal s a l i n e  i n t o  and a l o n g s i d e  an 
a n t e c u b i t a l  v e in  in  Experiment  15
S u b je c t
No.
Route o f  
a d m i n i s t r a t i o n
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  hour )
E x p e r im e n ta l  arm C o n t r o l  arm
1 I n t r a v e n o u s 16.6 1 . 1
2 II 16 .6 8 .3
3 II 2 0 . 0 4 .1
4 II 2 0 . 0 4 .1
5 2 5 .0 4 .1
6 1 .4 0 . 1
7 Paravenous 2 0 . 0 10 . 0
8 II 2 0 . 0 1 .2
9 II 28 .5 5 .2
10 II 12 .5 4 .1
11 II 2 0 . 0 1.2
12 II 2 .5 1 . 1
arm i n  t h e  2 e x c e p t i o n s ,  one i n  each  group,  a l t h o u g h  g r e a t e r  than  t h a t  from 
t h e  c o n t r o l  arm was n o t  s i g n i f i c a n t l y  i n c r e a s e d .  There  was no s i g n i f i c a n t  
d i f f e r e n c e  between t h e  f i b r i n o l y t i c  a c t i v i t y  r e s u l t i n g  from th e  paravenous  
i n j e c t i o n  o f  h i s t a m i n e  and t h a t  from th e  i n t r a v e n o u s  i n j e c t i o n .
Experiment 16
T h i s  ex per im en t  was u n d e r t a k e n  to  d e te rm in e  w h e th e r  th e  i n t r a d e r m a l  
i n j e c t i o n  o f  h i s t a m in e  would provoke f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s .  
I f  such  d id  o cc u r  i t  would pe rhaps  a l lo w  n o t  o n ly  o f  more r eady  i n v e s t i -
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g â t i o n s  o f  t h e  a f f e c t o r s  b u t  i t  would p e rm i t  i n v e s t i g a t i o n  o f  th e  e f f e c t s  
o f  inâammat i o n .
O b s e rv a t io n s  were made on 7 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above t h e  elbow o f  t h e  e x p e r im e n ta l  arm and i n f l a t e d  t o  th e  
d i a s t o l i c  p r e s s u r e .  H i s ta m in e ,  0 . 2 5 y u g . in  0 .05  m l .  o f  s a l i n e ,  was 
i n j e c t e d  i n t r a d e r m a l l y  i n  4 s u b j e c t s  on t h e  v o l a r  a s p e c t  o f  the  fo re a rm
T a b le  XVI
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  and c o n t r o l  arms 
f o l l o w i n g  t h e  i n t r a d e r m a l  and su bcu taneous  i n j e c t i o n  
o f  h i s t a m i n e  i n  Experiment  16
S u b j e c t
No.
Route o f  
a d m i n i s t r a t i o n
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  hour )
E x p e r im e n ta l  arm
C o n t r o l  arm
S p e c . 1 S p e c . 2
1 I n t r a d e r m a l 2 . 0 1 . 4 0 . 9
2 ft 1 . 6 1 . 2 0 . 6
3 ft 5 . 0 4 . 2 2 . 1
4 ft 2 . 6 1 . 3 0 . 2
5 Subcutaneous 3 . 8 3 . 3 1 . 2
6 If 4 . 7 3 . 0 1 . 1
7 ft 1 6 . 6 6  . 6 4 . 0
. »
a p p ro x im a te ly  mid-way between the  w r i s t  and elbow. In  th e  r em a in in g  3 
s u b j e c t s  the  h i s t a m i n e  was i n j e c t e d  su b c u ta n e o u s ly  i n  the  m id - fo rea rm  in  an 
a r e a  f r e e  from v i s i b l e  v e i n s .  Five m inutes  l a t e r  spec imens  o f  b lo o d  were 
o b t a i n e d  from an  a n t e c u b i t a l  v e i n  ( S p e c . l ,  T a b le  XVI),  from a v e i n  a t  t h e  
w r i s t  ( S p e c .2, T a b le  XVI) and f rom  an a n t e c u b i t a l  v e i n  in  t h e  c o n t r o l  arm.
In  each  c a s e  th e  a c t i v i t y  o f  Specimens 1 and 2 were g r e a t e r  th an  
t h a t  o f  th e  c o n t r o l .  With one e x c e p t i o n  th e  a c t i v i t y  o f  Specimen 1 was
cA\
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g r e a t e r  th an  t h a t  o f  Specimen 2 . The su bcu taneous  i n j e c t i o n  was a more 
p o t e n t  s t i m u l u s  than  i n t r a d e r m a l  i n j e c t i o n  but  b o th  f e l l  s h o r t  o f  t h e  
i n t e n s i t y  e n c o u n te r e d  f o l l o w i n g  i n t r a v e n o u s  or  paravenous  i n j e c t i o n .
For o t h e r  e x p e r im en ts  th e  w r i t e r  had had t h e  l a t e r a l  cu tan eo u s  n e rv e  
o f  h i s  l e f t  fo re a rm  cu t  a t  t h e  p o i n t  o f  emergence th ro u g h  th e  deep f a s c i a  
l a t e r a l  to  t h e  tendon o f  t h e  b i c e p s .  In  th e  a r e a  o f  a n a e s t h e s i a  t h e  f l a r e  
r e s p o n s e  t o  th e  i n t r a d e r m a l  i n j e c t i o n  o f  h i s t a m in e  was a b s e n t .  Experiment  
16 was r e p e a t e d ,  the  h i s t a m i n e  b e in g  i n j e c t e d  i n t r a d e r m a l l y  i n t o  th e  
a n a e s t h e t i c  a r e a .  The f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 , 2 and o f  t h a t  
f rom  t h e  c o n t r o l  arm was 0 . 3 ,  0 . 2 ,  and 0.3% ly s e d  p e r  hour  r e s p e c t i v e l y .
PITUITRIN 
Experim ent  17
Experim ent  9B was r e p e a t e d  on 3 s u b j e c t s  s u b s t i t u t i n g  f o r  a d r e n a l i n e  
P i t u i t r i n ,  0 .0 5  ml.  o f  a s o l u t i o n  c o n t a i n i n g  1 u n i t  p e r  ml.
The r e s u l t s  a r e  s e t  out  i n  Tab le  XVII.  The f i b r i n o l y t i c  a c t i v i t y  o f  
Specimen 1 was i n  each ca se  g r e a t e r  th a n  t h a t  o f  Specimen 2 which in  t u r n  
was g r e a t e r  th a n  t h a t  f rom t h e  c o n t r o l  arm.
T ab le  XVII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms 
f o l l o w i n g  th e  i n j e c t i o n  o f  P i t u i t r i n  i n t o  (Exper iment  17) 
and a l o n g s i d e  (Exper iment  18) an a n t e c u b i t a l  v e in
S u b je c t
No.
Route o f  
a d m i n i s t r a t i o n
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im en ta l  arm C o n t r o l  armSpec .1 S p e c .2
1 I n t r a v e n o u s 2 0 . 0 9 . 0 6 . 2
2 f t 14.2 5 .8 3 .7
3 It 2 5 .0 6 . 2 0 .9
4 Paravenous 2 0 . 0 6 .2 5 .5
5 It 2 5 .0 9 .0 4 .3
6 f t 3 3 .0 10.0 9 . 0
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Experim ent  18
Experiment  lOB was r e p e a t e d  on 3 s u b j e c t s  s u b s t i t u t i n g  f o r  a d r e n a l i n e ,  
P i t u i t r i n ,  0 .05  ml.  o f  a s o l u t i o n  c o n t a i n i n g  1 u n i t  p e r  ml.
The r e s u l t s  a r e  s e t  ou t  i n  T ab le  XVII.  The f i b r i n o l y t i c  a c t i v i t y  o f  
Specimen 1 was in  each c a s e  g r e a t e r  th a n  t h a t  o f  Specimen 2 which was in  
t u r n  g r e a t e r  t h a n  t h a t  from th e  c o n t r o l  arm.
Comment
The o b s e r v a t i o n s  e s t a b l i s h  t h a t ,  under  th e  c o n d i t i o n s  o f  t h e  e x p e r i ­
m en ts ,  t h e  i n t r a v e n o u s  or  paravenous  i n j e c t i o n  o f  a d r e n a l i n e ,  a c e t y l c h o l i n e ,  
h i s t a m in e  o r  p i t u i t r i n  r e s u l t s  i n  th e  development o f  f i b r i n o l y t i c  a c t i v i t y  
i n  t h e  plasma o f  b lood  w i t h i n  t h a t  v e i n .  The i n c r e a s e d  f i b r i n o l y t i c  
a c t i v i t y  was n o t  r e s t r i c t e d  t o  t h e  segment o f  v e in  i n t o  o r  i n  th e  v i c i n i t y  
o f  which  t h e  i n j e c t i o n  was g iven  f o r  i t  was a l s o  e n c o u n te r e d  in  the  b lood  
o b t a i n e d  f rom v e in s  w e l l  removed p ro x im a l ly  i n  t h e  l i n e  o f  venous f lo w  
f rom t h e  s i t e  o f  i n j e c t i o n .  I t  sh o u ld  be n o te d  t h a t  t h e r e  was e v id e n c e ,  
Experim ent  lOB, o f  i n c r e a s e d  a c t i v i t y  i n  ' c a p i l l a r y '  b lo o d  from the  
f i n g e r - t i p .
In  th e  o b s e r v a t i o n s  on f i b r i n o l y t i c  a c t i v i t y  induced  by i s c h a e m ia ,  
d e s c r i b e d  in  C h a p te r  3,  t h e  mean f i b r i n o l y t i c  a c t i v i t y  e n c o u n te r e d  in  th e  
plasma o f  b lood f rom th e  c o n t r o l  l imbs i n  35 s u b j e c t s  was 0 .5  (S .E .  -  0 . 1 )  % 
ly s e d  p e r  hour  and t h i s  was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  
e n c o u n te r e d  in  h e a l t h y  c o n t r o l s  i n  t h e  absence  o f  e x p e r im e n ta l  
o b s e r v a t i o n s .  In  th e  l a r g e  m a j o r i t y  o f  t h e  o b s e r v a t i o n s  r e p o r t e d  in  t h i s  
c h a p t e r  when f i b r i n o l y t i c  a c t i v i t y  was induced  in  th e  e x p e r im e n ta l  l imb by 
p a rav en o u s  or  i n t r a v e n o u s  i n j e c t i o n  t h a t  e n c o u n te re d  i n  the  c o n t r o l  l imb 
was s i g n i f i c a n t l y  h ig h e r  th an  in  h e a l t h y  r e s t i n g  s u b j e c t s .  For example,  
the  mean f i b r i n o l y t i c  a c t i v i t y  o f  th e  p lasma from th e  c o n t r o l  l imbs  in  th e  
21 s u b j e c t s  o f  Exper iment  lOB was 3 .5  ( S .E .  -  0 . 5 )  % ly s e d  p e r  hour  and in  
the 14 s u b j e c t s  i n  E x p e r im e n t s 12 and 13 i t  was 4 .7  -  0 . 5 .  While th e  
p r o c e d u re s  employed may w e l l  have induced  a n x ie ty ,  many o f  th e  s u b j e c t s  were
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s e aso n ed  to  such  e x p e r im e n t s  and had n ever  b e f o r e  shown t h i s  r e a c t i o n .
I t  m ight  Well  be t h a t  f i b r i n o l y t i c  a c t i v i t y  was b e in g  s t i m u l a t e d  in  v e in s  
o f  t h e  c o n t r o l  l imb by the  i n t r a v e n o u s  or  p a ravenous  i n j e c t i o n s  i n t o  th e  
e x p e r i m e n t a l  l im b .
I t  has  been  shown, C h a p te r  3,  t h a t  venous o c c l u s i o n  a lo n e  does  not  
induce  f i b r i n o l y t i c  a c t i v i t y .  In  the  p r e s e n t  e x p e r im e n t s  i t s  employment 
not o n ly  a l lo w s  t h e  r e t e n t i o n  o f  t h e  a g e n t  i n j e c t e d  f o r  a s i g n i f i c a n t  
p e r i o d  o f  t ime w i t h i n  the  segment o f  v e in  i n  th e  c a s e  o f  i n t r a v e n o u s  
i n j e c t i o n  b u t  i t  a l s o  a r r e s t s  th e  f low o f  b lood  th ro u g h  t h a t  segment f o r  
th e  same t im e .  T h i s  l a t t e r  e f f e c t  presumably  i s  th e  on ly  s i g n i f i c a n t  
e f f e c t  in  t h e  c a s e  o f  th e  pa ravenous  i n j e c t i o n  o f  v a s o c o n s t r i c t o r  
s u b s t a n c e s .  However, s i n c e  spec imens  were removed 5 m in u te s  a f t e r  t h e  
i n j e c t i o n  o f  th e  d rugs  u n d e r  t e s t ,  t h a t  i s  1^ m inu tes  a f t e r  the  maximum 
t im e r e q u i r e d  f o r  venous p r e s s u r e  t o  r i s e  above t h a t  o f  th e  o c c lu d in g  c u f f  
( P r e l i m i n a r y  O b s e r v a t i o n s ) ,  i t  may be s t a t e d  t h a t  f low u nde r  th e  c u f f  had 
been r e e s t a b l i s h e d  and the  l o c a l  e f f e c t  o f  the  d rug  employed was no t  b e in g  
a d e q u a t e l y  d e te r m in e d .
The f a i l u r e  o f  a d r e n a l i n e  and a c e t y l c h o l i n e ,  when i n j e c t e d  a l o n g s i d e  
a v e i n  i n  a p a r t  o f  l imb r e n d e re d  i s c h a e m ic ,  t o  in d u ce  f i b r i n o l y t i c  
a c t i v i t y  g r e a t e r  th an  t h a t  which would r e s u l t  f rom i sch a em ia  a lo n e  s u g g e s t s  
t h a t  f o r  maximal a c t i v i t y  to  d e v e lo p  the  c i r c u l a t i o n  th ro u g h  th e  l imb i s  
r e q u i r e d .
The ab sence  of  re sp o n se  t o  th e  i n t r a d e r m a l  i n j e c t i o n  o f  h i s t a m in e  when 
such i s  i n j e c t e d  i n t o  an  a r e a  d e p r i v e d  o f  i t s  s e n s o r y  n e rv e  su p p ly  a l t h o u g h  
i t  i s  a s o l i t a r y  f i n d i n g  may w e l ly  be o f  s i g n i f i c a n c e .  U n f o r t u n a t e l y  the  
i n t e n s i t y  o f  f i b r i n o l y t i c  a c t i v i t y  e n co u n te red  i n  re sp o n se  t o  such  i n j e c t i o n  
in  t h e  normal s u b j e c t  i s  o f  a very  low o r d e r .
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Chapter 5
INDUCED PLASMA FIBRINOLYTIC ACTIVITY WITHIN VEINS IN MAN
3.  5-HYDROXYTRYPTAMINE
Stevens  and  Lee (19)  i n  1884 f i r s t  observed  t h a t  d u r in g  th e  c l o t t i n g  
o f  shed  b lo o d  a v a s o c o n s t r i c t o r  s u b s t a n c e  ap p ea red  in  t h e  serum, r e a c h in g  
i t s  maximum c o n c e n t r a t i o n  15 m inu tes  a f t e r  c l o t t i n g .  The e x i s t e n c e  o f  
t h i s  su b s ta n c e  had  been  i n f e r r e d  by Ludwig and Schmidt (12)  and Janeway, 
R icha rdson  and Park i n  1918 (10)  c o n s id e r e d  t h a t  i t  was l i b e r a t e d  from 
d i s i n t e g r a t i n g  p l a t e l e t s .  The work o f  Rapport  and h i s  c o l l e a g u e s  (15 t o  
18) has  r e s u l t e d  in  th e  i s o l a t i o n  from serum, as  a c r e a t i n i n e  s u lp h a t e  
complex, o f  a c r y s t a l l i n e  s u b s t a n c e ,  s e r o t o n i n ,  hav ing  th e  chem ica l  s t r u c t ­
u re  o f  5 - h y d r o x y t r y p t a m in e . T h e i r  o b s e r v a t i o n s  e s t a b l i s h  t h a t  t h i s  
s u b s t a n c e  i s  p r e s e n t  in  s u f f i c i e n t  q u a n t i t i e s  t o  accoun t  f o r  a l l  th e  
v a s o c o n s t r i c t o r  e f f e c t  o f  serum i n  the  t e s t  which they  u s e d .  I t  has  been 
shown ( 6 , 9 ,  14) t h a t  th e  on ly  s i g n i f i c a n t  q u a n t i t i e s  o f  s e r o t o n i n  i n  th e  
p e r i p h e r a l  b lo o d  a r e  t o  be found  i n  the  p l a t e l e t s .
The r e l e a s e  o f  s e r o t o n i n  from d i s i n t e g r a t i n g  p l a t e l e t s  d u r in g  c l o t t ­
in g  s u g g e s te d  t h a t  i t  might have a r o l e  t o  p lay  in  h a e m o s ta s i s .  The long 
a c t i n g  v a s c o n s t r i c t o r  e f f e c t  consequen t  upon v a s c u l a r  i n j u r y  has  been 
c o n s id e r e d  a t t r i b u t a b l e  t o  th e  r e l e a s e  o f  s e r o t o n i n  from d i s i n t e g r a t i n g  
p l a t e l e t s  which a g g l u t i n a t e  a t  t h e  s i t e  o f  i n j u r y  (2 ,  3,  2 0 ) .  C o r r e l l ,
L y th ,  Long and Vanderpoel  (5 )  found t h a t  the p a r e n t ç r a l  a d m i n i s t r a t i o n  o f  
s e r o t o n i n  r e t a r d e d  b l e e d i n g  from i n c i s e d  wounds in  a v a r i e t y  o f  e x p e r im e n t ­
a l  a n i m a l s .  They s u g g e s te d  t h a t  s e r o t o n i n  was in v o lv e d  i n  h a e m o s ta s i s  a s  
a humora l  v a s o c o n s t r i c t o r .  S i m i l a r  ex p e r im e n ts  by C o r r e a l e  (4 )  and Lecomte , 
Bounameaux, F i s h e r  and O s t e r r i e t h  (11)  l e d  them t o  p ropose  a s i m i l a r  r o l e  
f o r  p l a t e l e t  s e r o t o n i n .  F e n ic h e l  and S eeg e r s  (7 )  conc luded  t h a t  in  bovine  
plasma s e r o t o n i n  i s  the  most im p o r ta n t  f a c t o r  i n  c l o t  r e t r a c t i o n .  On the  
o t h e r  hand M ag a l in i  and S t e f a n i n i  (13)  showed t h a t  s e r o t o n i n  f a i l e d  t o  
enhance  th e  c l o t  r e t r a c t i o n  o f  p l a t e l e t - p o o r  p lasma o f  man. Bigelow (1 )  
c o n s id e r e d  t h a t  d e f e c t i v e  r e l e a s e  o f  s e r o t o n i n  may produce p u r p u r a .
47
Haverback,  D u tche r ,  S hore ,  Tomich, T e r r y  and Brodie  ( 8 ) found in  
man t h a t  r e s e r p i n e  g iv en  i n t r a m u s c u l a r l y  v i r t u a l l y  d e p l e t e d  th e  p l a t e l e t s  
o f  s e r o t o n i n .  They found t h a t  b l e e d in g  t im e ,  b lood  c o a g u l a t i o n  mechanisms 
and c a p i l l a r y  f r a g i l i t y  were n o t  a l t e r e d  and c onc luded  t h a t  th e  s e r o t o n i n  
in  t h e  p l a t e l e t s  o f  man had no obvious  r o l e  in  h a e m o s ta s i s .
The p r e s e n t  approach  to  the i n v e s t i g a t i o n  o f  the  f u n c t i o n  o f  
s e r o t o n i n  i n  p l a t e l e t s  has  been from a ve ry  d i f f e r e n t  p o i n t  o f  v iew .  The 
i n t e r e s t  lay  i n  d e t e r m in in g  i f  s e r o t o n i n  s t i m u l a t e d  the  development  o f  
f i b r i n o l y t i c  a c t i v i t y  in  th e  plasma o f  b lood  w i t h i n  v e i n s .
EXPERIMENTS
Exper im en t  19
O b s e rv a t io n s  were made on 15 s u b j e c t s .  A specimen o f  venous b lo o d  
was t a k e n  as  c o n t r o l .  A sphygmomanometer c u f f  was th en  a p p l i e d  above the  
e lbow and i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e .  In  5 s u b j e c t s  5 /u g .  o f  5-HT 
i n  0 . 1  ml. o f  s a l i n e  were i n j e c t e d  i n t o  an a n t e c u b i t a l  v e i n .  In  th e  rem ain­
in g  10 s u b j e c t s  the i n j e c t i o n  was made a l o n g s i d e  an a n t e c u b i t a l  v e i n  in  
d o se s  o f  5 y u g . ( t h r e e ) ;  1 / u g .  ( f o u r ) ;  0 . 0 5 / u g . ( tw o ) ;  and 0 .01yu g . ( o n e ) ,  
each  in  0 ,1  ml.  o f  s a l i n e .  A f t e r  5 m inu tes  specimens  o f  venous b lo o d  were 
o b t a i n e d  from the  segment o f  a n t e c u b i t a l  v e in  employed, f rom  a v e in  a t  the  
w r i s t  o f  the  e x p e r i m e n t a l  arm and from an a n t e c u b i t a l  v e i n  of th e  o p p o s i t e  
arm.
In 5 s u b j e c t s  (Nos. 2 ,  10, 11, 13 and 14) f o l l o w i n g  c o m p le t io n  o f  the  
e x p e r im en t  f u r t h e r  venous specimens  were o b t a in e d  f rom th e  a n t e c u b i t a l  
v e i n  15, 60 and  120 m inu tes  a f t e r  th e  i n j e c t i o n  o f  5-HT.
F i b r i n o l y t i c  a c t i v i t y  was induced  i n  th e  plasma o f  b lood  from the  
a n t e c u b i t a l  and th e  w r i s t  v e in s  o f  the e x p e r im e n ta l  arm and ,  in  a l l  save 
one s u b j e c t .  No.6 , f i b r i n o l y t i c  a c t i v i t y  was i n c r e a s e d  in  the specimen 
removed from the  o p p o s i t e  l imb (Table  X V I I I ) .  The e f f e c t  was found s t i l l  
t o  be p r e s e n t  in  the  5 s u b j e c t s  i n v e s t i g a t e d ,  one h our  a f t e r  the  | » 
i n j e c t i o n  (Table  XIX) and ,  i n  the  2 s u b j e c t s  i n v e s t i g a t e d ,  i n c r e a s e d  
a c t i v i t y  was s t i l l  p r e s e n t  2 h o u r s  a f t e r  the  pa ravenous  i n j e c t i o n .
Table  XVIII
The i n f l u e n c e  o f  5-HT i n j e c t e d  i n t r a v e n o u s l y  o r  p a r a v e n o u s ly  
on plasma f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s  (Exper iment  19)
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S u b j e c t
No.
5-HT Plasma f i b r i n o l y t i c  a c t i v i t y  (P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  hour
Route Dose9ug.) C o n t r o l
E x p e r im en ta l  arm O ppos i te  arm
A n t e c u b i t a l  
ve in
W r i s t
v e in
A n t e c u b i t a l
v e in
1 In t r a v e n o u s 5 .0 0 .3 16.6 16.6 11.1
2 tt 5 .0 0 .5 10.0 10.0 9 .1
3 ft 5 .0 0 .3 25 .0 2 0 . 0 7 .1
4 tt 5 .0 0 .5 2 5 .0 16.6 7 .6
5 tt 5 .0 0 . 2 11.1 9 .0 5 .2
6 Paravenous 5 .0 0 . 1 14.3 4 .0 0 . 1
7 ft 5 .0 0 . 4 7 .7 9 .1 1.8
8 ff 5 .0 0 . 6 2 5 .0 9 .1 7 .1
9 •» 1 . 0 0 .4 33 .0 33 .0 6 .6
10 It 1 . 0 0 . 6 40 .0 2 8 .6 11.8
11 II 1 . 0 0 . 2 22 .2 11.8 6 .6
12 If 1 , 0 0 .4 3 3 .0  ' 16 .6 7 .1
13 It 0 .05 0 . 2 11.1 14.3 4 .0
14 II 0 .05 1 . 1 I “ 14.3 10.0 10.0
15 It 0 . 0 1 0 . 8 9 .1 6 . 2 6.2
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Table  XIX
The d u r a t i o n  o f  e f f e c t  o f  5-HT on plasma f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s
S u b je c t
No. 5-HT
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
(Table
XVIII)
Route
Amount
^ g . )
in  0 . 1  m l . s a l i n e
Time ( m in u te s )  a f t e r  i n j e c t i o n  o f  5-HT
5 15 60 120
2 Intravenous 5 .0 10.0 - 9 .1 -
10 Paravenous 1.0 40.0 28 .6 14.3 -
11 I t 1 .0 22.2 11.1 8 .3 -
13 I f 0 .05 11.1 - 16.6 12.5
14 II 0 .05 14.3 - 12.5 9 .1
Experim ent  20
Experiment  11, C h a p te r  4 was r e p e a t e d  on 4 s u b j e c t s  s u b s t i t u t i n g  f o r  
a d r e n a l i n e  1 .0  ^ g .  5-HT.
The r e s u l t s  a r e  s e t  o u t  i n  Table  XX. I t  w i l l  be s een  on comparing 
t h e s e  r e s u l t s  w i t h  t h o s e  o b t a i n e d  w i th  ischaem ia  a lo n e  (T ab le  V I I I ,
C h ap te r  3 ) ,  t h a t  no s i g n i f i c a n t  d i f f e r e n c e  emerges .
Table  XX
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r i m e n t a l  
and c o n t r o l  arms i n  Experiment  20
S u b je c t  
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  hou r )
E x p e r im e n ta l  arm
C o n t r o l  arm
S p e c .1 S p e c .2
1 9 .0 8 .3 1.7
2 12.5 6 . 2 4 .5
3 10.6 7 .1 3 .2
4 11.1 6 .6 1 .3
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, 1 ^Comment I f  !
' î-iErspamer ( 6 ) r e p o r t e d  t h e  c o n c e n t r a t i o n  o f  5-HT in  human serum t o  ; !
range  from 0 .03  t o  0 . 2 yug . w i t h  a mean o f  about  0 . 1 / u g .  p e r  ml.  When i t  ij
i s  remembered t h a t  5-HT c r e a t i n i n e  s u l p h a t e  c o n t a i n s  a p p r o x im a te ly  40%
i , !5-HT th e  low es t  dose  employed i n  the  p r e s e n t  ex p e r im e n t s  was w e l l  w i t h i n  
the  c o n c e n t r a t i o n  e n c o u n te r e d  i n  serum.
The o b s e r v a t i o n s  e s t a b l i s h  t h a t ,  under  the  c o n d i t i o n s  o f  t h e  
e x p e r im e n t ,  t h e  i n t r a v e n o u s  or  paravenous  i n j e c t i o n  o f  5-HT r e s u l t s  i n  
t h e  development  o f  f i b r i n o l y t i c  a c t i v i t y  no t  o n ly  w i t h i n  t h a t  v e i n  b u t  
a l s o  w i t h i n  v e in s  w e l l  removed p ro x im a l ly  in  the  l i n e  o f  f lo w  i n  th e  same 
arm and ,  f o r  th e  r e a s o n s  advanced i n  C hap te r  4,  p o s s i b l y  w i t h i n  v e i n s  in  
the  o p p o s i t e  arm. Not o n ly  i s  5-HT an e x c e e d in g ly  p o t e n t  s t i m u l u s  t o  the
p r o d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s  b u t  i t s  e f f e c t  p e r s i s t s
iif o r  a t  l e a s t  2 hours  a f t e r  i t s  i n j e c t i o n .  Î
When i n j e c t e d  a lo n g s i d e  a v e in  i n  p a r t  o f  a l imb re n d e re d  i s ch a e m ic ,  |
5-HT f a i l e d  to  s t i m u l a t e , a s  d i d  a d r e n a l i n e  and a c e t y l c h o l i n e ,  f i b r i n o l y t i c  ^
a c t i v i t y  g r e a t e r  th a n  t h a t  which r e s u l t e d  from i sc h a e m ia  a l o n e . ÎIi
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C hap te r  6
THE EFFECT OF ATROPINE UPON THE INDUCTION OF 
PLASMA FIBRINOLYTIC ACTIVITY WITHIN VEINS IN MAN
In view o f  the  d e m o n s t r a t i o n  t h a t  a c e t y l c h o l i n e  s t i m u l a t e d  the  
p r o d u c t i o n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s  i t  was m a n i f e s t l y  
d e s i r a b l e  t o  d e te rm in e  th e  e f f e c t  o f  a t r o p i n e  upon th o se  s t i m u l i  known 
t o  induce  such a c t i v i t y .
EXPERIMENTS
Experim ent  21A
T h i s  was u n d e r t a k e n  t o  d e te rm in e  t h e  i n f l u e n c e  o f  a t r o p i n i s a t i o n  o f  
a v e i n  on i t s  r e sp o n s e  to  t h e  i n j e c t i o n  o f  a d r e n a l i n e  or a c e t y l c h o l i n e .
O b s e r v a t io n s  were made on 14 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above th e  elbow o f  the  e x p e r i m e n t a l  arm and i n f l a t e d  t o  th e  d i a s t o l ­
i c  p r e s s u r e .  A t ro p in e  s u lp h a t e  1 0 0 /ug .  i n  0 . 1  ml.  s a l i n e  was i n j e c t e d  i n t o  
an a n t e c u b i t a l  v e in  and th e  n e e d le  was l e f t  in  th e  v e in  t o  th e  end o f  the  
e x p e r i m e n t .  A f t e r  3 m i n u t e s ,  t o  reduce  venous p r e s s u r e ,  t h e  c u f f  was 
d e f l a t e d  and t h e n  r e i n f l a t e d  t o  th e  p r e v i o u s  p r e s s u r e  when i n  2 s u b j e c t s ,
1 0 /u g .  o f  a c e t y l c h o l i n e ,  i n  4 s u b j e c t s  10 /Ug. o f  a d r e n a l i n e ,  i n  3 s u b j e c t s  
5 . 0 / u g .  5-HT and in  th e  rem ain ing  5 s u b j e c t s  0 . 2 5 / u g .  h i s t a m in e  a c i d  
p h o sp h a te  a l l  i n  0 .1  ml .  o f  s a l i n e ,  were i n j e c t e d  th ro u g h  th e  n e e d l e .  Two
m in u te s  l a t e r  a specimen o f  b lo o d  was removed th ro u g h  the n e e d le  ( S p e c . l ,  Li
T a b le  XXI) and specimens  were o b t a i n e d  from a v e i n  a t  the  w r i s t  ( S p e c .2 ,  | |
T a b le  XXI) and from th e  c o n t r o l  arm. 'eIn  a l l  s u b j e c t s  in  the  f i r s t  3 g roups  the f i b r i n o l y t i c  a c t i v i t y  o f  .1i'.D
Specimen 1, f rom th e  a t r o p i n i s e d  segment o f  v e in ,  was s i g n i f i c a n t l y  l e s s  
th an  t h a t  o f  Specimen 2 or  t h a t  o f  the c o n t r o l .  In  th e  4 th  group i n  which 
h i s t a m i n e  was employed th e  r e s u l t s  were n o t  u n i fo rm .  In  one case  th e  ;
f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 was g r e a t e r  than  Specimen 2 and i n  2 
c a s e s  th e  a c t i v i t i e s  o f  t h e  two specimens were e q u a l .  In  each  o f  th e  rem ain -  |
i n g  2 c a s e s  th e  a c t i v i t y  o f  Specimen 1 was l e s s  th a n  t h a t  o f  Specimen 2 .  j
In  a l l  5 s u b j e c t s  th e  segment o f  v e i n  employed became c o n s t r i c t e d  and j
spec im ens  of  b lo o d  were o b t a i n e d  o n ly  w i th  d i f f i c u l t y .
Table  XXI
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms in  
Experiment  21A, S p e c . l  i s  f rom th e  a t r o p i n i s e d  segment o f  v e in .
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S u b je c t
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  ho u r )
S t im u lus E x p e r im en ta l  arm
C o n t r o l  arm
Spec . 1 Spec .2
1 A c e t y l c h o l i n e 0 . 1 16.6 12.5
2
(10/ i g .  )
6 . 0 11.1 8.3
3 A d r e n a l in e 1 .0 6 .0 5 .0
4
(10/ i g j
t t 0 .6 2 . 0 2 . 0
5 I I 2 . 0 4 .0 3 .0
6 f t 1.2 7 .6 4 .1
7 5-HT 2 . 2 16.6 6 .2
8 I I 1.1 16.6 7 .1
9 I I 2 .4 8 .4
<
4 .5
10 His tam ine 14.0 16.6 14 .0
11
( 0 .2 5 / ig . )
I I 50 .0 16.6 11 .0
12 I t 12.5  ' ' 14 .3 12.5
13 I t 3 .2 3 .2 1 .4
14 I I 6.6 6 .6 4 .1
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E xper im en t  2 IB
T h i s  was u n d e r t a k e n  t o  d e te rm in e  th e  e f f e c t  o f  a t r o p i n e  on th e  
development  o f  f i b r i n o l y t i c  a c t i v i t y  i n  r e sp o n se  t o  i s c h a e m ia .
O b s e rv a t io n s  were made on 3 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above t h e  elbow and i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e . A t ro p in e  
s u l p h a t e  1 0 0 / a g ,  in  0 . 1  ml.  s a l i n e  was i n j e c t e d  i n t o  th e  median c e p h a l i c  
v e i n  and the  n e e d le  l e f t  i n  p o s i t i o n .  A f t e r  3 m in u te s  t h e  c u f f  was 
i n f l a t e d  to  50 mm. Hg. above the  s y s t o l i c  p r e s s u r e .  Ten m in u te s  l a t e r  a 
specimen o f  b lo o d  was removed th ro u g h  th e  n eed le  ( S p e c . l ,  Table  XXII) and 
a s eco n d  specimen from the  median b a s i l i c  v e in  (Spec .2 ,  Tab le  X X II ) .
T ab le  XXII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r i m e n t a l  and c o n t r o l  arms 
i n  Exper im ent  21B. S p e c . l  i s  f rom t h e  a t r o p i n i s e d  segment o f  v e in .
A
S u b je c t  
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  j 
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )  ’’
E x p e r im e n ta l  arm :C o n t r o l  arm
S p e c . 1 S p e c .2
1 1 .7 14.3 —
2 0 . 6 11.1 -
3 0 .9 12.5 — i.i
j
In  b o th  s u b j e c t s  th e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 from the  
a t r o p i n i s e d  median c e p h a l i c  v e i n  was s i g n i f i c a n t l y  l e s s  th a n  t h a t  o f  
Specimen 2 (Tab le  X X II) .
E xper im en t  22A
In view o f  the  r e s u l t s  o f  t h e  ex p e r im e n t s  r e p o r t e d  i n  C h a p te r  4 
which showed t h a t  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  d e v e lo p s  i n  v e i n s  w e l l  
removed p r o x im a l ly  in  th e  l i n e  o f  venous f low from th e  s i t e  o f  i n j e c t i o n
UPPER CUFF 
DIASTOLIC PRESSURE
ACETYLCHOLINE
SPECIMEN 3
LOWER CUFF 
DIASTOLIC PRESSUREATROPINISEDSEGMENT
SPECIMEN SPECIMEN 2
F ig u re  6 . E xpe r im en t  22A
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o f  e i t h e r  a d r e n a l i n e  o r  a c e t y l c h o l i n e  i t  was d e s i r a b l e  to  d e te rm in e  i f  
a t r o p i n e  cou ld  p r e v e n t  t h e  development  o f  t h i s  a c t i v i t y .
O b s e r v a t i o n s  were made on 2 s u b j e c t s .  F ig u re  6 i l l u s t r a t e s  t h i s  
e x p e r im e n t .  A sphygmomanometer c u f f  was a p p l i e d  t o  the  m id - fo re a rm  o f  
one arm and i n f l a t e d  to  d i a s t o l i c  p r e s s u r e .  A t r o p in e  s u l p h a t e  100y i g . in  
0 . 1  m l .  s a l i n e  was i n j e c t e d  i n t o  a v e in  on the r a d i a l  s i d e  o f  t h e  w r i s t  
and th e  n e e d le  l e f t  i n  t h e  v e i n .  A f t e r  3 m inu tes  t h e  c u f f  was d e f l a t e d  
t o  reduce  venous p r e s s u r e .  A second  c u f f  was a p p l i e d  above the  elbow and
T ab le  XXIII
Plasma f i b r i n o l y t i c  a c t i v i t y  o f  the  v a r i o u s  specimens  i n  
E xpe r im en ts  22A and 22B: S p e c . l  i s  f rom the  a t r o p i n i s e d  segment o f  v e in
S u b j e c t  
No. S t im u lu s
Plasma f i b r i n o l y t i c  a c t i v i t y  
(Percentage  o f  f i b r i n  l y s e d  p e r  h o u r )
S p e c .1 Spec .2 S p ec .3
Experiment  22A 1 A c e ty lc h o l in e 4 .0 16.7 14.3
( 10 / i g j
2 t r 0 . 1 16 .6 16.6
E xper im en t  22B 3 Ischaem ia 0 . 0 5 . 0 5 . 0
4 II 2 . 1 . 6 .3 6 .3
b o th  c u f f s  were i n f l a t e d  t o  th e  d i a s t o l i c  p r e s s u r e .  A c e t y l c h o l i n e  1 0 / j g .  
i n  0 . 1  ml.  s a l i n e  was i n j e c t e d  i n t o  an a n t e c u b i t a l  v e in  and the  n e e d le  l e f t  
i n  th e  v e i n .  Two m in u te s  l a t e r  spec im ens  o f  b lo o d  were o b t a i n e d  f rom the 
w r i s t  v e in  ( S p e c . l ,  T a b le  X X II I ) ,  f rom a second v e i n  below the  f i r s t  c u f f  
t o  the  u l n a r  s i d e  o f  t h e  w r i s t  ( S p e c . 2 ,  Tab le  X XIII )  and f rom th e  a n t e ­
c u b i t a l  v e in  ( S p e c . 3 ,  T a b le  X X I I I ) .
In  each s u b j e c t  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 f rom th e  
a t r o p i n i s e d  w r i s t  v e in  was s i g n i f i c a n t l y  l e s s  th an  t h a t  o f  e i t h e r  Specimen 
2 or  3 (Table  X X I I I ) .
msF’fOBsm
UPPER CUFF 
' DIASTOLIC PRESSURE
ATROPINISEDSEGMENT SPECIMEN 2
SPECIMEN 1
LOWER CUFF 
5 0  MM. Hg :> SYSTOLICPRESSURESPECIMEN 3
F ig u re  7 .  Ex p e r im en t  22B
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Experim ent  22B
In view o f  the  r e s u l t s  o f  Experim ent  8 , C h a p te r  3 i n  which ischaem ia  
wasv.employed a lo n e  i t  was d e s i r a b l e  t o  d e te rm in e  w he the r  a t r o p i n e  cou ld  
p r e v e n t  th e  development o f  f i b r i n o l y t i c  a c t i v i t y  i n  v e in s  d i s t a l  i n  t h e  
l i n e  o f  venous flow t o  a c u f f  a r r e s t i n g  th e  a r t e r i a l  s u p p ly .
O b s e rv a t io n s  were made on 2 s u b j e c t s .  F ig u re  7 i l l u s t r a t e s  t h i s  
e x p e r i m e n t . A sphygmomanometer c u f f  was a p p l i e d  above t h e  elbow suid 
i n f l a t e d  t o  the d i a s t o l i c  p r e s s u r e .  A t ro p in e  s u lp h a t e  1 0 0 / i g .  i n  0 . 1  ml. 
s a l i n e  was i n j e c t e d  i n t o  an a n t e c u b i t a l  v e in  and th e  n e e d le  l e f t  i n  
p o s i t i o n .  A f t e r  3 m inu tes  t h e  c u f f  was d e f l a t e d  t o  reduce  venous p r e s s u r e  
and t h e n  r e i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e .  At the  same time a second 
c u f f ,  a p p l i e d  t o  the  m id - fo rea rm ,  was i n f l a t e d  t o  50 mm. Hg. above the  
s y s t o l i c  p r e s s u r e .  Two m inu tes  l a t e r  spec imens  o f  b lood  were o b t a i n e d  
from the  a t r o p i n i s e d  a n t e c u b i t a l  v e in  ( S p e c . l ,  T a b le  X X I I I ) ,  f rom a second 
a n t e c u b i t a l  v e in  (Spec .2 ,  Tab le  XXIII) and from a v e i n  a t  th e  w r i s t  
( S p e c . 3, T ab le  X X I I I ) .
In  each  s u b j e c t  th e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 was s i g n i f i ­
c a n t l y  l e s s  th a n  t h a t  o f  Specimen 2 o r  3 (Table  X X I I I ) .
Experiment  23
For r e a s o n s  commented on i n  Chap te r  4 i t  appeared  t h a t  the i n t r a ­
venous o r  pa ravenous  i n j e c t i o n  o f  the t e s t  s u b s t a n c e s  r e s u l t e d  in  the  
development  o f  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  in  the  v e i n s  of  the 
c o n t r a l a t e r a l  ( ' c o n t r o l * )  arm. The r e s u l t s  o f  E xpe r im en ts  22A and 22B 
s u g g e s t e d  the  use  o f  a t r o p i n e  a s  a means o f  t e s t i n g  t h i s  h y p o t h e s i s .
O b s e rv a t io n s  were made on 4 s u b j e c t s .  F ig u re  8 i l l u s t r a t e s  t h i s  
e x p e r i m e n t .  A sphygmomanometer c u f f  was a p p l i e d  t o  one arm (Arm 1,
T ab le  XXIV) above th e  elbow and 100/ i g .  o f  a t r o p i n e  s u lp h a t e  in  0 . 1  ml.  
s a l i n e  i n j e c t e d  i n t o  th e  median b a s i l i c  v e i n .  The n e e d le  was l e f t  i n  th e  
v e i n .  A f t e r  3 m inu tes  the  c u f f  was d e f l a t e d  t o  reduce  venous p r e s s u r e .
A second  c u f f  was a p p l i e d  t o  t h e  o p p o s i t e  arm (Arm 2 ,  Tab le  XXIV) and b o th  
c u f f s  were i n f l a t e d  t o  d i a s t o l i c  p r e s s u r e .  A c e t y l c h o l i n e  10yug. i n  0 .1  ml
ARM 1ARM 2
DIASTOLIC/ \ PR ESSU R E\
ATROPINISEDSEGMENT
SPECIMEN 2ACETYL­CHOLINE
SPECIMEN
SPECIMEN 1
L
F ig u re  8 . E xperim ent 23
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o f  s a l i n e  was i n j e c t e d  i n t o  an a n t e c u b i t a l  v e i n  of  the  second  arm and the  
n e e d le  l e f t  in  p o s i t i o n .  Two m inu tes  l a t e r  a specimen o f  b lood  was 
o b t a i n e d  th ro u g h  each  o f  th e  2 n e e d l e s .  A second  specimen (Spec .2 ,
T a b le  XXIV) was o b t a i n e d  from t h e  median c e p h a l i c  v e in  o f  Arm 1.
Tab le  XXIV
Plasma f i b r i n o l y t i c  a c t i v i t y  f o l l o w i n g  th e  i n j e c t i o n  o f  10y i g . 
o f  a c e t y l c h o l i n e  i n t o  an a n t e c u b i t a l  v e in  o f  Arm 2 in  
Exper im en t  23.  The median b a s i l i c  v e in  o f  Arm 1 was a t r o p i n i s e d .
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
S u b je c t
No. Arm 1 Arm 2 
( A n t e c u b i t a l )S p e c . 1 (Median b a s i l i c  
ve i n )
Spec.  2 
(Median c e p h a l i c  
v e i n )
1 2 . 0 6 .7 12 .5
2 0.0 4 .2 8 .3
3 4 .2 9 .0 14 .3
4 0 .3 2 . 0 10 . 0
In e ac h  case  th e  f i b r i n o l y t i c  a c t i v i t y  o f  t h e  spec imen removed from 
th e  a t r o p i n i s e d  segment o f  v e in  was s i g n i f i c a n t l y  l e s s  t h a n  t h a t  removed f ro i  
the  u n t r e a t e d  v e in  o f  the  same arm.
Comment
I t  has  been  e s t a b l i s h e d  t h a t  a t r o p i n i s a t i o n  o f  a segment o f  v e in  
i n h i b i t s  the  p r o d u c t io n  o f  plasma f i b r i n o l y t i c  a c t i v i t y  w i t h i n  t h a t  v e in  
i n  r e sp o n s e  t o  th e  i n t r a v e n o u s  i n j e c t i o n  o f  a c e t y l c h o l i n e ,  a d r e n a l i n e ,  . { 
and ’ '5-HT j  and t o  i s c h a e m ia .  A t r o p in e  i s  c a p a b l e  o f  r e v e r s i n g  t h e  
p h a r m a c o lo g ic a l  a c t i o n s  o f  c e r t a i n  o f  th e  a g e n t s  employed,  f o r  exam ple ,  
t h e r e  i s  e v id e n c e  t h a t  i t  c a n  r e v e r s e  t h e  c o n s t r i c t o r  a c t i o n  o f  a d r e n a l i n e  
( 3 )  and th e  v a s o d i l a t o r  a c t i o n  o f  a c e t y l c h o l i n e  (1 ,  2 ) .  T h i s ,  however .
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c a n n o t  be i t s  mode o f  a c t i o n  in  th e  c a s e  o f  5-HT and i t  i s  i n c o n c e iv a b le  
t h a t  i t  c o u ld  a f f e c t  i s ch a e m ia  produced  by a r r e s t  o f  the  a r t e r i a l  supp ly  
t o  a l im b .  The e v id e n c e  i s  the  more h a p p i l y  c o n s id e r e d  a s  b e in g  c o n s i s t ­
e n t  w i th  th e  e f f e c t o r  mechanism, r e s p o n s i b l e  f o r  the  p r o d u c t i o n  o f  th e  
f i b r i n o l y t i c  a c t i v i t y ,  b e in g  c h o l i n e r g i c .  I t  f o l l o w s  t h a t  a d r e n a l i n e ,  5HT 
and a l s o  i s c h a e m ia  s t i m u l a t e  the  e f f e c t o r  mechanism i n d i r e c t l y .  The e f f e c t  
o f  a t r o p i n e  upon the  re sponse  to  h i s t a m in e  has  n o t  been e s t a b l i s h e d .  
V e n o c o n s t r i c t i o n  not  o n ly  made i t  d i f f i c u l t  t o  o b t a i n  spec im ens  o f  b lo o d  
b u t  t h e r e  was no a s s u r a n c e  t h a t  t h e  specimens came from t h e  a t r o p i n i s e d  
s eg m e n ts .
I t  has  p r e v i o u s l y  been  shown t h a t  the  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  
in  r e s p o n s e  t o  th e  i n j e c t i o n  o f  t e s t  s u b s ta n c e ;  was n o t  r e s t r i c t e d  t o  the 
segment o f  v e i n  i n t o  which th e  i n j e c t i o n  was g iv e n  f o r  i t  was a l s o  e n c o u n t ­
e r e d  i n  the b l o o d  o b t a i n e d  f rom v e in s  w e l l  removed p r o x im a l ly  i n  th e  l i n e  
of  venous f low f rom the  s i t e  of  i n j e c t i o n .  T h i s  r e sponse  d i d  n o t  o ccu r  in  
an a t r o p i n i s e d  segment o f  v e i n .  I t  h a s  a l s o  been shown p r e v i o u s l y  t h a t  
a r r e s t  o f  the a r t e r i a l  c i r c u l a t i o n  to  the  d i s t a l  p a r t  o f  an arm by an 
i n f l a t e d  c u f f  e n c i r c l i n g  th e  limb r e s u l t s  i n  the development  o f  f i b r i n o l y t i c  
a c t i v i t y  in  th e  p lasma o f  b lo o d  from v e i n s  in  th e  p ro x im a l  p a r t  o f  th e  limb 
no t  s u b j e c t e d  t o  c i r c u l a t o r y  a r r e s t .  T h i s  r e sponse  d i d  n o t  o c c u r  i n  an 
a t r o p i n i s e d  segment  o f  v e i n .  The e v id e n c e  i s  c o n s i s t e n t  w i t h  th e  r e f l e x  
e x c i t a t i o n  of a c h o l i n e r g i c  e f f e c t o r  mechanism which r e s u l t s  i n  th e  '
p r o d u c t i o n  of  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y .
As commented on in  C h a p te r  4 t h e r e  was e v id e n c e  which  s u g g e s t e d  th e  
p o s s i b i l i t y  t h a t  f i b r i n o l y t i c  a c t i v i t y  was b e i n g  s t i m u l a t e d  in  the  v e i n s  
o f  the  c o n t r o l  arm by t h e  i n t r a v e n o u s  o r  pa rav en o u s  i n j e c t i o n  i n t o  th e  
e x p e r i m e n t a l  l im b .  The d e m o n s t r a t i o n  t h a t  f i b r i n o l y t i c  a c t i v i t y  was s i g n i f i ­
c a n t l y  lower  i n  the p lasm a o f  b lo o d  o b t a i n e d  f rom  an  a t r o p i n i s e d  segment o f  
v e i n  i n  the c o n t r o l  arm th an  in  t h a t  from an u n t r e a t e d  segment .  E xpe r im en t  
23, a f f o r d s  e v id e n c e  t h a t  t h e r e  i s  a r e f l e x  e x c i t a t i o n  o f  a c h o l i n e r g i c  
e f f e c t o r  mechanism in  t h e  v e in s  o f  the  c o n t r a l a t e r a l  l im b s .
I t  i s  c o n c lu d e d  t h a t  i t  i s  p r o b a b le  t h a t  the f i b r i n o l y t i c  a c t i v i t y  which 
d e v e lo p s  w i t h i n  v e in s  r e s u l t s  f rom the s t i m u l a t i o n  o f  a c h o l i n e r g i c  e f f e c t o r
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mechanism. Such s t i m u l a t i o n  r e f l e x l y  p roduces  f i b r i n o l y t i c  a c t i v i t y  
w i t h i n  the venous t r e e  o f  th e  same limb and,  commonly, f i b r i n o l y t i c  
a c t i v i t y  i n  the venous t r e e  o f  the  c o n t r a l a t e r a l  l im b .  While a t r o p i n e  
p r e v e n t s  the  e x c i t a t i o n  o f  the  e f f e c t o r  mechanism l o c a l l y  i t  does  n o t  
i n f l u e n c e  th e  r e f l e x  r e s p o n s e ;  p resumably  i t  does n o t  a c t  on the  a f f e c t o r s  
I t  f o l l o w s  t h a t  a c e t y l c h o l i n e ,  which h a s  been shown t o  e x c i t e  r e f l e x l y  
e f f e c t o r s  i n  o t h e r  v e i n s ,  must  be p o s s e s s e d  o f  an a c t i o n  a d d i t i o n a l  t o  
t h a t  a s  the  e f f e c t o r  s u b s t a n c e .
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Chapter 7
INDUCED PLASMA FIBRINOLYTIC ACTIVITY WITHIN VEINS IN MAN
4. HEAT AND COLD, INFLAMMATION
Two chance o b s e r v a t i o n s ,  one c o i n c i d i n g  w i th  i d l e  s p e c u l a t i o n ,  l e d  
t o  t h e  e x p e r im e n t s  d e s c r i b e d  in  t h i s  c h a p t e r .  F i r s t l y ,  a s u b j e c t  w i t h  a 
f u r u n c l e  on the  upper  arm was found  t o  show i n c r e a s e d  f i b r i n o l y t i c  
a c t i v i t y  of  t h e  p lasma o f  b lo o d  t a k e n  from a v e in  a t  t h e  w r i s t .  S p e c u l a t ­
ion  had  l e d  t o  c o n s i d e r a t i o n  o f  t h e  p o s s i b i l i t y  t h a t  p lasm a  f i b r i n o l y t i c  
a c t i v i t y  was a mechanism whereby v e s s e l s  were m a in t a in e d  p a t e n t  and f r e e  
f rom f i b r i n  i n ,  f o r  exam ple ,  i n f l a m m a t io n .  The second  chance o b s e r v a t i o n  
was t h a t  th e  p a rav en o u s  i n j e c t i o n  o f  a c o n t r o l  s o l u t i o n  which had n o t  been  
warmed to  body t e m p e r a tu r e  induced  f i b r i n o l y t i c  a c t i v i t y .
EXPERIMENTS
HEAT AND COLD 
Expe r im en t  24
O b s e rv a t io n s  were made on 8 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above th e  elbow and i n f l a t e d  t o  the  d i a s t o l i c  p r e s s u r e .  The hand
T ab le  XXV
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r i m e n t a l  and c o n t r o l  arms f o l l o w i n g  
immersion o f  f o re a rm  i n  w a te r  a t  15% i n  Expe r im en t  24
S u b j e c t
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
E x p e r im e n ta l  arm C o n t r o l  armVenous b lood C a p i l l a r y  b lo o d
1 12 .4 Not l y s e d  in  24 hrs. 2 . 1
2 9 . 1 4 .8 4 .2
3 7 . 1 4 .2 2 . 1
4 8 .4 4 .2 4 .2
5 14 .2 5 .0 2 . 1
6 14 .2 8 .3 5 .0
7 12.4 4 .2 4 .2
8 11.1 6 .7 4 .2
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and fo re a rm  were immersed in  a t a n k  o f  w a t e r ,  t h e  t e m p e r a t u r e  o f  which was 
1 5 % .  No a t t e m p t  was made t o  m a i n t a i n  t h e  t e m p e r a tu r e  n o r  was th e  w a t e r  
s t i r r e d .  F i f t e e n  m in u te s  l a t e r  specimens  o f  b lo o d  were o b t a i n e d  from an 
a n t e c u b i t a l  v e i n  and  from a f i n g e r - t i p  o f  th e  e x p e r i m e n t a l  arm. A specimen 
was a l s o  o b t a i n e d  from an a n t e c u b i t a l  v e in  o f  th e  c o n t r o l  arm.
The r e s u l t s  a r e  s e t  o u t  i n  T a b le  XXV. In  e a ch c ase  t h e  f i b r i n o l y t i c  
a c t i v i t y  o f  the  venous b lo o d  from t h e  e x p e r i m e n t a l  arm was g r e a t e r  th a n  
t h a t  o f  t h e  b food  from the  f i n g e r - t i p  which in  t u r n  was g r e a t e r  t h a n  
(4 c a s e s )  o r  e q u a l  t o  (4  c a s e s )  t h a t  from th e  c o n t r o l  l im b .
Expe r im en t  25
Exper im en t  4 was r e p e a t e d  on 7 s u b j e c t s  w i t h  t h e  w a t e r  a t  an  i n i t i a l  
t e m p e r a t u r e  o f  4 0 % .
The r e s u l t s  a r e  s e t  out i n  T a b le  XXVI. In  one c a s e  a l l  3 spec im ens  
f a i l e d  t o  ly sec ’ i n  24 h o u r s .  In  each  o f  t h e  r em a in in g  6 s u b j e c t s  th e  
f i b r i n o l y t i c  a c t i v i t y  o f  t h e  spec imen o f  venous b lo o d  from th e  e x p e r i m e n t a l
T a b le  XXVI
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r i m e n t a l  and c o n t r o l  arms f o l l o w i n g  
immersion o f  f o r e a r m  i n  w a t e r  a t  40% i n  Expe r im en t  25
S u b j e c t
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
n o . E x p e r im e n ta l  arm C o n t r o l  armVenous b lood C a p i l l a r y  b lo o d
1 Not l y s e d  i n  24 h rs . Not l y s e d  i n  24 h r s . Not l y s e d  i n  24 h r s .
2 2 5 .0 t i f t
3 40 .0 t i f t
4 1 0 . 0 I I t t
5 3 3 .0 1 0 . 0 t t
6 5 . 8 4 .1 I t
7 2 0 . 0 8 .3 7 . 1
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arm was g r e a t e r  t h a n  t h a t  of  th e  b lo o d  from the  f i n g e r - t i p  o r  t h a t  f rom 
th e  c o n t r o l  arm. In  3 o f  the  6 s u b j e c t s  t h e  a c t i v i t y  o f  b lo o d  from t h e  
f i n g e r - t i p  was g r e a t e r  th a n  t h a t  from th e  c o n t r o l  arm.
Experim ent  26
The r e s u l t s  o f  E xpe r im en ts  24 and 25 were c o n s i s t e n t  w i t h  t h e  major  
f i b r i n o l y t i c  a c t i v i t y  d e v e lo p in g  w i t h i n  s u b c u ta n eo u s  v e i n s .  To i n v e s t i g a t e
Tab le  XXVII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r i m e n t a l  and c o n t r o l  arms 
f o l l o w i n g  t h e  a p p l i c a t i o n  o f  c o l d  and h e a t  to  t h e  s k in  
o v e r l y i n g  an a n t e c u b i t a l  v e i n  i n  Exper iment  26
S u b j e c t  
No.
Tem pera tu re
o f
s t i m u l u s
Time 
A p p l i e d  
( m i n s . )
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )  '
E x p e r im e n ta l  arm C o n t r o l  arm .S p e c .1 S p e c .2
1 15% 5 20 .0 4 .1
2 t f t f 12.5 9 .1
3 I I t f 3 .8 0 .9
4 22 .2 0 . 8
5 I I I I 10.0 7 .6
6 I I 2 7 .1 5 .0 4 .1
7 " 16.6 8 .3 5 .0
8 40% 5 10.0 ' 3 .1
9 I I I I 14.3 ' 7 . 1
10 I I I I 9 .1 5 .8
11 I I I I 14.3 7 .1
12 I I I I 14.3 5 .8
13 2 8.3 6 .6 5 .8
14 I I f f 20 . 0 8 .3 5 .0
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t h i s  p o s s i b i l i t y  t h e  f o l l o w i n g  ex p e r im en t  was c a r r i e d  o u t  on 14 s u b j e c t s .
A c o n i c a l  aluminium c o n t a i n e r ,  30 m l .  in  c a p a c i t y ,  was u s e d .  The apex  o f  
t h i s  c o n t a i n e r  when a p p l i e d  t o  t h e  s k in  had a c o n t a c t  a r e a  o f  5 mm. in  
d i a m e t e r .  A sphygmomanometer c u f f  was a p p l i e d  above th e  e lbow and i n f l a t e d  
t o  th e  d i a s t o l i c  p r e s s u r e .  The c o n t a i n e r  was f i l l e d  w i th  w a t e r ,  i n  7 
i n s t a n c e s  a t  15% and i n  th e  rem a in in g  7 a t  4 0 % ,  and the  apex  a p p l i e d  t o  
t h e  s k i n  o ver  an  a n t e c u b i t a l  v e i n  w i th o u t  p r e s s u r e .  F ive  m inu tes  l a t e r  in  
10 i n s t a n c e s  specimens  o f  b lo o d  were o b t a i n e d  from t h a t  v e i n  ( S p e c . l ,
T ab le  XXVII) and f rom  an  a n t e c u b i t a l  v e in  i n  th e  c o n t r o l  arm. In  th e  
r em a in in g  4 i n s t a n c e s  ( s u b j e c t s  No. 6 , 7 ,  13 and 1 4 i Table  XXVII) a f t e r  2 
m in u te s  b lo o d  was o b t a i n e d  from th e  v e in  ( S p e c . l ,  Tab le  XXVII), f rom a v e in  
a t  th e  w r i s t  ( S p e c .2 ,  T ab le  XXVII) and f rom an a n t e c u b i t a l  v e i n  o f  th e  
c o n t r o l  arm.
In  each  s u b j e c t  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 was g r e a t e r  
t h a n  t h a t  o f  th e  c o n t r o l .  In  the  4 s u b j e c t s  in  which Specimen 2 was tak en  
t h e  f i b r i n o l y t i c  a c t i v i t y  o f  t h i s  specimen was l e s s  t h a n  t h a t  o f  Specimen 
1 b u t  g r e a t e r  t h a n  t h a t  o f  t h e  c o n t r o l .
TUBERCULIN 
E xper im en t  27
T h i s  was u n d e r t a k e n  to  d e te rm in e  w he the r  an in f la m m ato ry  l e s i o n  
i n v o l v i n g  th e  s k i n  and s u b c u ta n eo u s  t i s s u e  cou ld  provoke t h e  development  o f  
f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s .  The i n f l a m m a t o r y - n e c r o t i s i n g  re sp o n se  
t o  t u b e r c u l i n  was employed and o b s e r v a t i o n s  were made on 10 s u b j e c t s  known 
t o  have a p o s i t i v e  t u b e r c u l i n  r e a c t i o n .  One t e n t h  m l .  o f  a s o l u t i o n  o f  
p u r i f i e d  p r o t e i n  d e r i v a t i v e  o f  t u b e r c u l i n  ( 0 .001  mg. p e r  m l . )  was i n j e c t e d  
i n t r a d e r m a l l y  on the  v o l a r  s u r f a c e  o f  the  fo re a rm  mid-way between w r i s t  and 
e lbow .  Specimens o f  b lo o d  were o b t a i n e d  24 and 48 hours  l a t e r  (Samples  A 
and B r e s p e c t i v e l y .  T ab le  XXVIII),  f rom an  a n t e c u b i t a l  v e in  ( S p e c . l ,  Tab le  
XXVIII) ,  from a v e in  a t  th e  w r i s t  ( S p e c . 2 ,  Tab le  XXVIII) and f rom an  
a n t e c u b i t a l  v e i n  i n  the c o n t r o l  arm. P r i o r  to  th e  t a k i n g  o f  th e  specimen a 
sphygmomanometer c u f f ,  a p p l i e d  above the  e lbow,  was i n f l a t e d  t o  the
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Table XXVIII
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r i m e n t a l  and c o n t r o l  arms 24 (Sample A) 
and 48 hours  (Sample B) a f t e r  the i n t r a d e r m a l  i n j e c t i o n  o f  t u b e r c u l i n  in  
t u b e r c u l i n - p o s i t i v e  s u b j e c t s  in  Expe r im en t  27
S u b j e c t  No. Sample Plasma f i b r i n o l y t i c  a c t i v i t y  ( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  hour )
S p e c .1 S p e c .2 C o n t r o l
A 8.3 4 .1 4 .11 B 22 . 0 14.2 5 .0
A 8 .3 8.3 5 .0
2 B 12.5 5 .2 4 .1
A 8 .3 8.3 7 .63 B 14.2 12.5 4 .1
A 4 .1 4 .1 0 . 84 B 3 . 4 3 .2 1.9
A 6 .6 6 .6 6 .65 B 2 2 . 0 16.6 4 .1
A 12.5 12.5 10 . 06 B 22 0 14.2 4 .5
A 5 .5 4 .1 1 . 87 B 7 .6 4 .1 3 .2
A 6 .6 6 .6 1 . 28 ,B 7 .6 5 .0 1 .4
A 5 .5 5 .5 3 . 89 B 9 . 0 4 .1 3 . 4
A 12.5 10.0 5 .810 B 14.2 7 .6 4 .1
d i a s t o l i c  p r e s s u r e  and  m a in t a in e d  f o r  one m in u te .
Sample A. A l l  3; spec imens  from s u b j e c t  No.5 showed e q u a l  f i b r i n o l y t i c  
a c t i v i t y .  In  e ac h  o f  th e  r e m a in in g  s u b j e c t s  the  f i b r i n o l y t i c  a c t i v i t y  o f  
Specimen 1 was g r e a t e r  th a n  t h a t  o f  t h e  c o n t r o l  and ,  in  a l l  s av e  one ,  th e
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a c t i v i t y  o f  Specimen 2 was a l s o  g r e a t e r  th a n  t h a t  o f  the  c o n t r o l .  The
a c t i v i t y  of Specimen 1 was e q u a l  t o  (6 c a s e s )  and g r e a t e r  th a n  (3 c a s e s )
t h a t  o f  Specimen 2 .
Sample B. In each  case  t h e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 was 
g r e a t e r  th a n  t h a t  o f  Specimen 2 which in  t u r n  was g r e a t e r  th a n  t h a t  o f  th e
c o n t r o l .  On compar ison  o f  Sample B w i th  Sample A th e  fo rm er  showed
s i g n i f i c a n t l y  g r e a t e r  a c t i v i t y . i n  a m a j o r i t y  o f  i n s t a n c e s .
Comment
I t  has  been  shown t h a t  t h e  a p p l i c a t i o n  o f  h e a t  and c o ld  over  a 
s u b cu ta n e o u s  v e i n  and th e  in f lam m ato ry  n e c r o t i s i n g  r e s p o n s e  t o  t u b e r c u l i n  
s t i m u l a t e  the  p r o d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s .  These 
s t i m u l i  produce f i b r i n o l y t i c  a c t i v i t y  w i t h i n  o t h e r  v e in s  o f  th e  same limb 
w e l l  removed from the  s i t e  o f  i n i t i a l  s t i m u l a t i o n  and p o s s i b l y  a l s o ,  f o r  
th e  r e a s o n s  p r e v i o u s l y  advanced ,  w i t h i n  v e in s  o f  the  c o n t r a l a t e r a l  l im b .
S in c e  t h i s  p a t t e r n  o f  r e sp o n s e  i s  s i m i l a r  t o  t h a t  e n c o u n te r e d  w i t h  o t h e r  
s t i m u l i  i n v e s t i g a t e d  i t  i s  assumed t h a t  a t r o p i n i s a t i o n  a l s o  would i n h i b i t  
t h e  r e s p o n s e s  l o c a l  and remote  t o  h e a t  and c o ld  and t h e  in f lam m ato ry  
n e c r o t i s i n g  r e a c t i o n  t o  t u b e r c u l i n .  Lack o f  s u b j e c t s  p r e c l u d e d  i n v e s t i g a t i o n .
I t  would seem a p p r o p r i a t e  a t  t h i s  j u n c t u r e  t o  rev iew  th o s e  s t i m u l i
t h u s  f a r  e s t a b l i s h e d  a s  p roduc ing  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s  in
* * 1man.
I t  has  been  shown t h a t  venous o c c l u s io n  a lo n e  f a i l s  t o  induce  
f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s  b u t ,  i f  v e in s  a r e  a l lo w ed  t o  f i l l  by 
o b s t r u c t i n g  venous r e t u r n  and t h e r e a f t e r  th e  a r t e r i a l  su p p ly  i s  a r r e s t e d ,  
f i b r i n o l y t i c  a c t i v i t y  d e v e l o p s .  T h is  a c t i v i t y  i s  s i g n i f i c a n t l y  l e s s  th a n  
t h a t  which d e v e lo p s  in  v e i n s  d i s t a l  in  the  l i n e  o f  venous f low  t o  th e  s i t e  
o f  a r t e r i a l  o b s t r u c t i o n .  In  o t h e r  words t h e  r e f l e x  a c t i v i t y  i s  g r e a t e r  
t h a n  the d i r e c t  re sponse  t o  t h e  s t i m u l u s .  I t  has  b ee n  shown t h a t  the  
p a ra v e n o u s  i n j e c t i o n  o f  a d r e n a l i n e ,  a c e t y l c h o l i n e  o r  5-HT i n  p a r t  o f  a l imb 
t o  which  th e  a r t e r i a l  s u p p ly  has  been a r r e s t e d  f a i l s  to  p r o d u c e ,  w i t h i n
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th e  segment o f  v e in  em ployed, f i b r i n o l y t i c  a c t i v i t y  g r e a t e r  th an  t h a t  
p roduced  by isch a em ia  a lo n e .  The r e f l e x  re sp o n se  i s  a g a in ,  in  each  c a s e ,  
o f  g r e a t e r  i n t e n s i t y  th an  th e  d i r e c t  r e s p o n s e .  I t  must be co n c lu d ed  t h a t  
f o r  th e  maximum re sp o n se  to  o c c u r  m ain tenance  o f  th e  a r t e r i a l  su p p ly  i s  
e s s e n t i a l .  The e v id e n c e  p r e s e n te d  i s  c o n s i s t e n t  w i th  the  f i b r i n o l y t i c  
a c t i v i t y  be in g  im p arted  t o  th e  p lasm a by e f f e c t o r s  in  the  v e in  w a l l .  I t  
i s  d i f f i c u l t  t o  se e  how a r r e s t  o f  th e  a r t e r i a l  su p p ly  c o u ld  a f f e c t  t h e  
e f f i c i e n c y  o f  th e s e  e f f e c t o r s  in  th e  l a r g e r  su b cu ta n eo u s  v e in s  o th e r  
th a n  by a r r e s t i n g  the  c i r c u l a t i o n  th ro u g h  th e  v asa  vasorum in  th e  v e in  
w a l l .  Assuming t h i s  i t  f o l lo w s  t h a t  r e l a t i v e  i sc h a e m ia  o f  a v e in  i s  th e  
more e f f i c i e n t  s t im u lu s  t o  th e  e f f e c t o r s  n o t  b e c a u se  i t  i s  more pow erfu l  
b u t  b ecause  i t  a l lo w s  o f  th e  developm ent o f  maximal r e s p o n s e .
T here  i s  a d d i t i o n a l  ev id e n c e  w hich i s  c o n s i s t e n t  w i th  th e  p o s s i b i l i t y  
t h a t  the  c i r c u l a t i o n  th ro u g h  th e  v asa  vasorum has  a s i g n i f i c a n t  p a r t  t o  
p la y  in  th e  developm ent o f  f i b r i n o l y t i c  a c t i v i t y  w i th in  v e i n s .  I t  has  been  
shown t h a t  the ' r e c e p t o r s '  must be w id e ly  d i s t r i b u t e d  s in c e  f i b r i n o l y t i c  
a c t i v i t y  may be in d u ced  by in t r a d e rm a l  i n j e c t i o n  or by su b c u ta n e o u s  
i n j e c t i o n  in  an a r e a  f r e e  from v i s i b l e  v e i n s .  However, th e  a c t i v i t y  so  
in d u ced  i s  s i g n i f i c a n t l y  l e s s  th a n  t h a t  e n c o u n te re d  when th e  a c t i v e  a g e n t  
i s  i n j e c t e d  i n t o  o r  a lo n g s id e  a m ajor v e in .  I t  f o l lo w s  t h a t  th e  ' r e c e p t o r s '  
a r e  c o n c e n t r a t e d  w i t h i n  o r  a lo n g s id e  the  v e in  w a l l .  I f  th e  e f f e c t o r s  a re  
c h o l i n e r g i c , a n d  the  e v id e n c e  i s  in  fa v o u r  o f  t h i s ,  th e n  i t  f o l lo w s  t h a t  
the  o th e r  s t i m u l i  e x c i t e  th e  e f f e c t o r s  i n d i r e c t l y .  S e t  o u t  in  T a b le  A 
a r e  th o se  s t i m u l i  th u s  f a r  e s t a b l i s h e d  a s  in d u c in g  f i b r i n o l y t i c  a c t i v i t y  
w i th in  v e i n s .  P ro c a in e  i s  in c lu d e d  in  t h i s  t a b l e  f o r  c o m p le te n e ss  f o r  
i t  i s  shown in  C h ap te r  8 to  induce f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s  in  
man. A c e ty l c h o l in e ,  th e  e f f e c t o r  s u b s ta n c e ,  i s  n o t  i n c lu d e d .
Group 1, T a b le  A, c o n s i s t s  o f  th o s e  s t i m u l i  w hich  may be c o n s id e re d  
v a s o c o n s t r i c t o r .  P ro c a in e  has  been  so c l a s s e d  s in c e  T r ip o d  (5 )  h a s  shown 
t h a t  i t  s h a re s  t o  a l e s s e r  e x t e n t  th e  sym pathom im etic  a c t i o n  o f  c o c a in e .
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T ab le  A
S t im u l i  known to  induce  f i b r i n o l y t i c  
a c t i v i t y  w i th in  v e in s  in  man
Group 1 Group 2
Cold  ( 1 5 % ) H is tam in e
A d re n a l in e A r r e s t  o f H eat (4 0 % )
P i t u i t r i n a r t e r i a l  su p p ly In f lam m atio n
5-HT
P ro ca in e
Group 2 ,  Tab le  A, c o n s i s t s  o f  h i s t a m in e ,  h e a t  ( 4 0 % )  and in f la m m a t­
io n .  The l a t t e r  two s t i m u l i  can  be re g a rd e d  a s  r e l e a s i n g  h is ta m in e  
c o n s e q u e n t ly  h is ta m in e  may w e l l  be th e  common d en o m in a to r  t o  a l l  t h r e e  
members o f  t h i s  g ro u p .
The common d en o m in a to r  to  Groups 1 and 2 m ight w e l l  be t h e  p r o d u c t io n  
o f  r e l a t i v e  i sc h a e m ia  f o r ,  a l th o u g h  h is ta m in e  i s  a v a s o d i l a t o r ,  in  th e  
'w heal*  re sp o n se  to  h is ta m in e  r e l a t i v e  isch aem ia  m ight w e l l  be p ro d u ced .  
S in c e  venous o c c lu s io n  was employed in  a l l  o b s e r v a t io n s  t h i s  isch a em ia  w ould 
be a g g r a v a te d .
The e f f i c i e n c y  o f  s t i m u l i  w hich e x c i t e  i n d i r e c t l y  th e  e f f e c t o r s ,  
a p p l i e d  o v e r ,  i n t o  o r  a lo n g s id e  a su b cu tan eo u s  v e in  may w e l l  be 
i n t e r p r e t e d  a s  b e in g  due to  t h e i r  e f f e c t  upon th e  c i r c u l a t i o n  th ro u g h  th e  
v a s a  vasorum o f  t h a t  v e in  which r e s u l t s  in  is c h a e m ia  o f  th e  v e in  w a l l .
The vasa  vasorum o f  v e in s  a r e  h ig h ly  d e v e lo p e d .  Even very  s m a l l  
v e i n s ,  w ith  a c a l i b r e  o f  1 mm., have v asa  vasorum . The media o f  a v e in  
i s  b e t t e r  s u p p l i e d  th an  t h a t  o f  an a r t e r y  and the  n u t r i e n t  v e s s e l s  r e a c h  
as  f a r  a s  th e  in t im a  ( 1 ) .
L i t t l e  i s  known o f  th e  p h y s io lo g y  o f  th e  v a sa  vasorum . Sm ith ( 3 )  
r e p o r t e d  a s tu d y  by an angiop le thysm okym ograph ic  te c h n iq u e  o f  th e  v a r i a t i o n s
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in  f lo w  th ro u g h  the  vasa  vasorum o f  i s o l a t e d  s u r v iv in g  a r t e r i e s .  
A d r e n a l in e , p o s t e r i o r  p i t u i t a r y  e x t r a c t  and 5-HT c o n s t r i c t e d  th e  v asa  
vasorum  o f  swine c a r o t i d  a r t e r i e s .  A c e ty lc h o l in e ,  p o s t e r i o r  p i t u i t a r y  
e x t r a c t  and 5-HT c o n s t r i c t e d  th e  vasa  vasorum o f  b o th  swine and human 
c o ro n a ry  a r t e r i e s .  H is tam ine  a l th o u g h  c a u s in g  c o n s t r i c t i o n  o f  th e  
a r t e r i a l  w a l l  e x e r t e d  no e f f e c t .  Smith (2 )  em ploying th e  same te c h n iq u e  
showed t h a t  c o ld  reduced  g r e a t l y  th e  f lo w  th ro u g h  th e  v asa  vasorum o f  a 
human a r t e r y .  As Sm ith (2 )  r i g h t l y  p o i n t s  ou t h i s  r e s u l t s  have been  
o b ta in e d  on i s o l a t e d  a r t e r i e s  and they  may no t be a p p l i e d  to  *in v iv o  
p h y s io lo g y  *w ith o u t  c o n s id e r a b l e  c a u t i o n .  A f u r t h e r  d i f f i c u l t y  a r i s e s  in  
t h a t  r e s u l t s  w hich a p p ly  to  a r t e r i e s  do n o t  n e c e s s a r i l y  a p p ly  t o  v e in s  
even  in  v i t r o .  For example Sm ith and Coxe (4 )  in  c e r t a i n  o f  t h e i r  
e x p e r im e n ts  found  th e  pulm onary a r t e r y  c o m p le te ly  u n re sp o n s iv e  t o  
h i s ta m in e  w hereas  a pulmonary v e in  from  th e  same lu n g  was e x q u i s i t e l y  
s e n s i t i v e .
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C h a p te r  8
THE EFFECT OF EXERCISE OF ISCHAEMIC MUSCLES ON THE INDUCTION BY 
ISCHAEMIA OF PLASMA FIBRINOLYTIC ACTIVITY WITHIN VEINS IN MAN
In  the  c o u rse  o f  c a r r y i n g  jout th e  e x p e r im e n ts  upon th e  p r o d u c t io n  
o f  p lasm a f i b r i n o l y t i c  a c t i v i t y  by isc h a e m ia ,  C hap te r  3 , an e x p e r im en t 
was d e s ig n e d  to  d e te rm in e  w h e th e r  th e  a c c u m u la t io n  o f  m e t a b o l i t e s  from  
m u sc les  s u b je c te d  to  a r r e s t  o f  t h e i r  a r t e r i a l  su p p ly  played a p a r t  in  
th e  developm ent o f  f i b r i n o l y t i c  a c t i v i t y  o f  th e  p lasm a . D uring th e s e  
e x p e r im e n ts  i t  was found  t h a t ,  i f  m usc les  in  the  p a r t  o f  th e  limb 
re n d e re d  isch aem ic  were e x e r c i s e d ,  f i b r i n o l y t i c  a c t i v i t y  d i d  n o t  d e v e lo p  
in  th e  p lasm a o f  b lo o d  s u b s e q u e n t ly  f lo w in g  th ro u g h  t h a t  p a r t .  The 
f o l lo w in g  e x p e r im e n ts  were u n d e r ta k e n  t o  i n v e s t i g a t e  t h i s  phenomenon.
EXPERIMENTS
E xperim en t 28
T h is  was d e s ig n e d  t o  d e te rm in e  w h e th e r  th e  a c c u m u la t io n  o f  
m e t a b o l i t e s  from  m uscles  s u b je c te d  to  a r r e s t  o f  t h e i r  a r t e r i a l  su p p ly  
p la y e d  a p a r t  i n  the developm ent o f  th e  f i b r i n o l y t i c  a c t i v i t y  o f  th e  
p la sm a .  E xperim en t 1, C h a p te r  3 , was r e p e a te d  on 10 s u b j e c t s  bu t d u r in g  
th e  phase o f  a r r e s t  o f  th e  a r t e r i a l  su p p ly  th e  f i n g e r s  o f  b o th  hands 
were f u l l y  f l e x e d  and e x te n d e d  e v e ry  30 se c o n d s .  Specimens o f  b lo o d  
were o b ta in e d  a s  in  E xperim en t 1 and a l s o  from a f i n g e r - t i p .
The r e s u l t s  a r e  s e t  o u t  in  Tab le  XXIX. I t  w i l l  be s e e n  t h a t  in  
e ach  c a se  t h e r e  was no d i f f e r e n c e  between th e  f i b r i n o l y t i c  a c t i v i t y  
o f  th e  p lasm a from  th e  e x p e r im e n ta l  arm and t h a t  from  th e  c o n t r o l  arm, 
r e s u l t s  s i g n i f i c a n t l y  d i f f e r e n t  from  th o se  o b ta in e d  in  E xperim en t 1.
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T ab le  XXIX
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and  c o n t r o l  arms fo l lo w in g  
e x e r c i s e  o f  isch aem ic  m uscles  in  Experim en t 28
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  ly s e d  p e r  h o u r )
O U U J C C l
No. E x p e r im e n ta l  arm C o n t r o l  arm 
( A n te c u b i t a l  v e in )S p e c .1 
( A n te c u b i t a l  v e in ) Spec .2 ( F i n g e r - t i p )
1 0 .7 Not ly s e d  in  24 h r s . 0 .5
2 0 .5 11 M 0 .4
3 1 . 1 I t  I I 0 .5
4 0 .4 I I  I I 0 . 6
5 0 . 6 I I  I I 0 .4
6 0 . 1 I I  I I 0 .3
7 0 .5 I I  I I 0 .2
8 0 .8 I I  I I 0 .3
9 0 .3 I I  I I 0 .4
10 1 .3 I I  I I 1 .4
Mean (S .D . ) 0 .6  ( 0 .4 ) 0 .5  ( 0 .3 )
E xperirnent 1, C h a p te r  3
Mean (S .D . ) 1 4 .2  ( 1 2 .1 ) 0 .5  ( 0 .3 )
E xperim en t 29
In  o r d e r  t o  d e te rm in e  w h e th e r  e x e r t i o n  o f  isch a em ic  m u sc le s  would 
a f f e c t  f i b r i n o l y t i c  a c t i v i t y  a l r e a d y  p r e s e n t  in  th e  plasma o b s e r v a t io n s  
w ere made on 4 s u b j e c t s .  Two o f  th e s e  w ere p a t i e n t s  w i th  c i r r h o s i s  o f  th e  
l i v e r  w ith  h ig h  sp o n tan eo u s  f i b r i n o l y t i c  a c t i v i t y  o f  th e  p la sm a . The 
re m a in in g  2 were m ed ica l s tu d e n t s  who had had i n j e c t e d  i n t o  a t h i g h  m uscle
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0 .5  mg. a d r e n a l in e  h y d ro c h lo r id e  10 m in u tes  b e f o re  th e  e x p e r im e n t .  
Experim ent 28 was r e p e a te d  and specim ens o f  b lo o d  were o b ta in e d  from an 
a n t e c u b i t a l  v e in  o f  t h e  e x p e r im e n ta l  arm and o f  th e  c o n t r o l  arm.
T a b le  XXX
Plasma f i b r i n o l y t i c  a c t i v i t y  i n  e x p e r im e n ta l  and c o n t r o l  arms f o l lo w in g  
e x e r c i s e  o f  isch a em ic  m uscles  i n  s u b je c t s  w ith  h ig h  p lasm a 
f i b r i n o l y t i c  a c t i v i t y  in  Experim en t 29
S u b je c t O r ig in  o f  in c r e a s e d
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  ly s e d  p e r  h o u r)
No. f i b r i n o l y t i c  a c t i v i t y E x p e rim e n ta l  arm 
( A n te c u b i t a l  v e in )
C o n t r o l  arm 
( A n te c u b i t a l  v e in )
1 Spontaneous in  c i r r h o s i s  o f  the l i v e r 2 1 .3 2 0 .0
2 tt 33 .3 3 3 .3
3 Fo llow inga d r e n a l in e 2 5 .0 2 5 .0
4 •t 2 5 .0 2 5 .0
1.
The r e s u l t s  a re  s e t  o u t in  T a b le  XXX. There  was no s i g n i f i c a n t  
d i f f e r e n c e  betw een  th e  f i b r i n o l y t i c  a c t i v i t y  o f  th e  specim en from  th e  
e x p e r im e n ta l  arm and t h a t  from  th e  c o n t r o l  arm. Both specim ens in  each  
c a se  were i n c r e a s e d .
Experim en t 30
I t  has been  shown. Experim en t 4, C h a p te r  3 , t h a t  i f  th e  a r t e r i a l  
s u p p ly  to  a lim b i s  a r r e s t e d  th e  plasm a f i b r i n o l y t i c  a c t i v i t y  o f  th e  b lo o d  
w i t h i n  v e in s  i n c r e a s e d  d u r in g  th e  phase  o f  i s c h a e m ia .  I t  seemed d e s i r a b l e  
t o  d e te rm in e  w h e th e r  m uscu la r  e x e r t i o n  would p r e v e n t  t h i s  i n c r e a s e . At 
the  same tim e i t  was p o s s ib l e  t o  d e te rm in e  w h e th e r  m u scu la r  e x e r t i o n  in  
an isc h a e m ic  limb would p re v e n t  the in c r e a s e  o f  f i b r i n o l y t i c  a c t i v i t y  o f
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venous b lo o d  in  re sp o n se  to  th e  paravenous  i n j e c t i o n  o f  a c e t y l c h o l i n e  
(C h a p te r  4 ) .
Experim ent 29 was r e p e a te d  on 4 s u b je c t s  b u t  b e fo re  a r r e s t i n g  th e  
a r t e r i a l  su p p ly  th e  sphygmomanometer c u f f  was i n f l a t e d  to  the  d i a s t o l i c  
p r e s s u r e  u n t i l  th e  s u p e r f i c i a l  v e in s  were d i s t e n d e d .  At th e  end o f  10To Im in u te s , w ith  the c u f f  s t i l l  i n f l a t e d ,  specim ens o f  b lood  were ta k e n  from 
a f i n g e r - t i p  ( S p e c . l ,  Table  XXXI), from an  a n t e c u b i t a l  v e in  ( S p e c .2 ,  Tab le  
XXXI) and from an a n t e c u b i t a l  v e in  in  th e  c o n t r o l  arm. In  3 s u b j e c t s  
10 u g .  o f  a c e t y l c h o l i n e  in  0 .1  m l. s a l i n e  were i n j e c t e d  a lo n g s id e  an 
a n t e c u b i t a l  v e i n .  The p r e s s u r e  in  the  c u f f  was red u ced  t o  th e  d i a s t o l i c  
l e v e l  and 2 m in u te s  l a t e r  a specimen o f  b lood was ta k e n  from  t h a t  v e in  
( S p e c .3 ,  T ab le  XXXI).
T ab le  XXXI
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  
and c o n t r o l  arms in  Experim ent 30
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  ly s e d  p e r  h o u r )
S u b je c t  
No. E x p e r im e n ta l  arm C o n t r o l  arm 
(A n te c u b i ta l  
v e in )S p e c . 1 ( F i n g e r - t i p )
Spec .2 
(A n te c u b i t a l  
ve in )
Spec .3 
( A n te c u b i t a l  
ve in )
1 8 .3 3 .1 29 0 .3
2 8 .3 2 .7 25 0 .7
3 14.3 8.3 - 0 .6
4 2 5 .0 2 .3 36 .6 0 .4
In  a l l  s u b j e c t s  th e  f i b r i n o l y t i c  a c t i v i t y  o f  Specimens 1 and 2 were 
g r e a t e r  th an  t h a t  o f  the  c o n t r o l .  In  each  of th e  3 s u b j e c t s  i n v e s t i g a t e d  
th e  p aravenous  i n j e c t i o n  o f  a c e t y l c h o l i n e  r e s u l t e d  in  a marked i n t e n s i f i ­
c a t i o n  o f  f i b r i n o l y t i c  a c t i v i t y .
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Experim en t 31
There i s  rea so n  to  b e l i e v e  (C h a p te r  6) t h a t  c e r t a i n  s t i m u l i  which 
c au se  th e  development o f  f i b r i n o l y t i c  a c t i v i t y  w i th in  v e in s  in  one l im b , 
r e f l e x l y  produce f i b r i n o l y t i c  a c t i v i t y  in  the venous t r e e  o f  th e  c o n t r a ­
l a t e r a l  l im b . The f in d in g  o f  in c r e a s e d  a c t i v i t y  in  the  c o n t r o l  specim ens 
in  E xperim ent 7 ,  C h ap te r  3, was r e m in is c e n t  o f  t h i s  f in d i n g  in  v e i n s .
The a r t e r i a l  p u n c tu re s  had been c a r r i e d  ou t f o l lo w in g  i n f i l t r a t i o n  w i th  
1% p ro c a in e  and i t  was c o n s id e re d  p o s s ib l e  t h a t  e i t h e r  p ro c a in e  o r  th e  
p u n c tu re  i t s e l f  s t im u la te d  f i b r i n o l y t i c  a c t i v i t y  w i th in  an a r t e r y .
O b s e rv a t io n s  were made on 3 s u b j e c t s .  A sphygmomanometer c u f f  was 
a p p l i e d  above the elbow  and i n f l a t e d  to  the  d i a s t o l i c  p r e s s u r e .  P ro c a in e ,  
0 .5  m l. o f  a 1% s o l u t i o n ,  was employed to  i n f i l t r a t e  th e  s k in  and  t i s s u e s  
down to  th e  b r a c h i a l  a r t e r y .  Two m inu tes  l a t e r  specim ens o f  b lo o d  were
T ab le  XXXII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms 
f o l lo w in g  th e  i n j e c t i o n  o f  1% p ro c a in e  in  th e  v i c i n i t y  
o f  th e  b r a c h i a l  a r t e r y  in  Experim ent 31
S u b je c t  
N o.
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r)
E x p e r im e n ta l  arm C o n t r o l  arm 
( A n te c u b i t a l  v e in )S p e c .1 
( B r a c h ia l  a r t e r y )
' S p e c .2
(Forearm  v e in )
1 10 8 .3 6 .6
2 11 .1 11.1 6 .2
3 20 16 .6 6 .6
o b ta in e d  from th e  b r a c h i a l  a r t e r y  ( S p e c . l ,  T ab le  XXXII), from a v e in  
in  th e  fo rea rm  ( S p e c ,2 ,  T ab le  XXXII) and from an a n t e c u b i t a l  v e in  in  th e  
c o n t r o l  arm.
The f i b r i n o l y t i c  a c t i v i t y  o f  Specimen 1 in  two c a s e s  was g r e a t e r  th a n
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and in  one c a se  eq u a l t o  t h a t  o f  Specimen 2 .  In  each  c ase  th e  f i b r i n o l y ­
t i c  a c t i v i t y  o f  Specim ent 2 was g r e a t e r  than  t h a t  o f  the  c o n t r o l .
Experim ent 32
Experim ent 31 e s t a b l i s h e d  t h a t  e i t h e r  p ro c a in e  o r  th e  n e e d le  
p u n c tu re  s t im u la t e d  th e  p ro d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i th in  
a r t e r i e s .
In  o rd e r  to  d e te rm in e  w hether  p ro c a in e  s t im u la t e d  f i b r i n o l y t i c  
a c t i v i t y  w i th in  v e in s ,  o b s e r v a t io n s  were made on 4 s u b j e c t s .  A 
sphygmomanometer c u f f  was a p p l i e d  above th e  elbow and i n f l a t e d  to  the  
d i a s t o l i c  p r e s s u r e .  P r o c a in e ,  0 .5  ml. o f  a 1% s o l u t i o n ,  was i n j e c t e d  
a lo n g s id e  the  median b a s i l i c  v e in .  Two m inu tes  l a t e r  specim ens o f  b lood  
were o b ta in e d  from  the  v e in  and from an a n t e c u b i t a l  v e in  in  th e  c o n t r o l  
arm and th e  f i b r i n o l y t i c  a c t i v i t y  o f  e ach  specimen d e te rm in e d .
T ab le  XXXIII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms 
f o l lo w in g  th e  paravenous  i n j e c t i o n  o f  1% p ro c a in e  in
E xperim ent 32
S u b je c t  No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  ly s e d  p e r  h o u r)
E x p e r im e n ta l  arm 
(Median b a s i l i c  v e in )
C o n t r o l  arm 
( A n te c u b i t a l  v e in )
1 8 .3 4 .1
2 10 .0 5 .5
3 16.7 5 .9
4 6 .7 4 .2
The r e s u l t s  a r e  s e t  out in  Table  XXXIII. In  each  c a s e  th e  f i b r i n ­
o l y t i c  a c t i v i t y  o f  th e  specimen from  th e  e x p e r im e n ta l  arm was g r e a t e r  th an  
t h a t  from the  c o n t r o l .
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Experim ent 33
There i s  e v id e n c e ,  C h ap te r  6, t h a t  the  f i b r i n o l y t i c  a c t i v i t y  which 
d e v e lo p s  w i th in  v e in s  r e s u l t s  from  the s t i m u l a t i o n  o f  c h o l i n e r g i c  e f f e c t o r s  
in  t h e i r  w a l l .  S ince the  r e s u l t s  o f  Experim ent 7 , C h a p te r  3 , and 
E xperim en ts  31 and 32 e s t a b l i s h  t h a t  a r t e r i e s  respond  as  do v e in s  i t  seemed 
re a so n a b le  to  suppose th a t  t h e r e  a re  s i m i l a r  e f f e c t o r s  i n  the a r t e r i a l  
w a l l .  As i s  d i s c u s s e d  l a t e r  th e  c o n c lu s io n  was re a c h e d  t h a t  th e  
i n h i b i t o r y  e f f e c t  o f  e x e r c i s e  o f  isch aem ic  muscle p ro b a b ly  was e x e r t e d  on 
t h i s  mechanism. T h is  e x p e r im en t  was u n d e r ta k e n  to  i n v e s t i g a t e  one p o s s ib le  
mode o f  a c t i o n .
Table XXXIV
Plasma f i b r i n o l y t i c  a c t i v i t y  in  e x p e r im e n ta l  and c o n t r o l  arms 
fo l lo w in g  r e p e t i t i o n  o f  Experim ent 2 on s u b j e c t s  g iv en  
n e o s tig m in e  in t r a m u s c u la r ly  in  Experim ent 33
S u b je c t  
No .
Plasma f i b r i n o l y t i c  a c t i v i t y  
(P e rc e n ta g e  o f  f i b r i n  ly s e d  per  h o u r ) Dose o f  n eo s t ig m in e  
(mg.)
S ide -
e f f e c t s
E x p e r im e n ta l  arm 
( A n te c u b i t a l  v e in )
C o n t ro l  arm 
( A n te c u b i ta l  v e in )
1 1 1 .1 4.2 1 M ild
2 1 1 .1 4.2 t t I f
3 20 5 .8 t l I t
4 16.7 5 .8 11 Severe
5 33 .3 12.5 1 .5
6 1 5 .8 5 f t M ild
7 14.2 10 t f S evere
8 20 5 Mild
O b se rv a t io n s  were made on 8 s u b j e c t s .  N eo s t ig m in e ,  1 mg. in  4 c a se s  
and 1 .5  mg. in  the  rem ain ing  4, was i n j e c t e d  i n t o  a th ig h  muscle and 30 
m in u te s  l a t e r  Experim ent 28 was r e p e a te d .
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The r e s u l t s  a r e  s e t  ou t in  Table XXXIV. The f i b r i n o l y t i c  a c t i v i t y  
o f  each  specimen from th e  e x p e r im e n ta l  arm was g r e a t e r  th a n  t h a t  from  
th e  c o n t r o l  arm.
Comment
I t  has  been  shown t h a t  e x e r c i s e  o f  m uscles  i n  a limb d e p r iv e d  o f  
i t s  b lo o d  supp ly  p r e v e n te d  th e  o c c u r re n c e  o f  in c r e a s e d  f i b r i n o l y t i c  
a c t i v i t y  in  b lo o d  s u b se q u e n t ly  f lo w in g  th rough  th e  ischaem ic  l im b . T h is  
was t r u e  not o n ly  o f  b lo o d  o b ta in e d  from an a n t e c u b i t a l  v e in  bu t a l s o  o f  
b lo o d  o b ta in e d  from th e  f i n g e r - t i p . I t  has been shown t h a t  t h i s  i n h i b i t o r y  
e f f e c t  can n o t be a t t r i b u t e d  to  th e  p ro d u c t io n  o f  an a n t i f i b r i n o l y s i n  s in c e  
no e f f e c t  was e x e r te d  upon f i b r i n o l y t i c  a c t i v i t y  e x i s t i n g  in  the  p lasm a 
p r i o r  t o  th e  e x p e r im e n ts .  I t  has  a l s o  been shown t h a t  c o n t r a c t i o n  o f  
isch a em ic  m uscle does no t im pair  th e  re sp o n se  o f  su b cu tan eo u s  v e n u le s  and 
v e in s  to  s t i m u l i  known to  induce f i b r i n o l y t i c  a c t i v i t y .
I t  has been  shown, C h ap te r  3, t h a t  w h ile  a r r e s t  o f  th e  a r t e r i a l  
s u p p ly  to  a f i n g e r  a lo n e  r e s u l t e d  in  th e  development o f  i n c r e a s e d  
f i b r i n o l y t i c  a c t i v i t y  in  b lo o d  c o n ta in e d  w i th in  t h a t  f i n g e r  t h i s  in c r e a s e d  
a c t i v i t y  d id  no t p e r s i s t  f o l lo w in g  r e s t o r a t i o n  o f  the  c i r c u l a t i o n .  I f ,  
how ever, ischaem ia  o f  the f i n g e r s  was produced by a r r e s t i n g  th e  a r t e r i a l  
s u p p ly  t o  th e  fo re a rm  th e  in c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  in  b lo o d  from  
the f i n g e r s  p e r s i s t e d  and was s t i l l  p r e s e n t  5 m in u tes  a f t e r  r e s t o r a t i o n  
o f  the  c i r c u l a t i o n .  T h is  p e r s i s t e n c e  must be a t t r i b u t e d  t o  the  i n c lu s io n  
o f  th e  g r e a t e r  mass o f  t i s s u e  in  th e  ischaem ic  a r e a  and th e  in c r e a s e d  
f i b r i n o l y t i c  a c t i v i t y  must e i t h e r  d ev e lo p  l o c a l l y  in  sm a ll  v e s s e l s  o r  in  
th e  a r t e r i a l  t r e e  in  th e  isch a em ic  a r e a .  The so u rc e  o f  t h i s  p e r s i s t e n t  
f i b r i n o l y t i c  a c t i v i t y  must be e s t a b l i s h e d  f o r  i t  i s  m a n i f e s t ly  t h i s  source  
w hich d r i e s  up in  the  e x e r c i s e d  ischaem ic  l im b . The d e m o n s tra t io n  t h a t  
th e  i n j e c t i o n  o f  p ro c a in e  in  the  v i c i n i t y  o f  an a r t e r y  r e s u l t e d  in  th e  
developm ent o f  f i b r i n o l y t i c  a c t i v i t y  in  b lo o d  f lo w in g  th ro u g h  th e  a r t e r y ,  
a re sp o n se  s i m i l a r  to  b u t  more in te n s e  th an  t h a t  e n c o u n te re d  in  v e in s ,
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v i t i a t e s  the  r e s u l t s  o f  Experim ent 7 , C h a p te r  3 , and  r e n d e rs  in a d m is s ib le
th e  m ajor ev id en ce  t h a t  th e  in c r e a s e d  a c t i v i t y  d ev e lo p s  in  th e  a r t e r i a l
t r e e .  N e v e r th e le s s  the  w e ig h t  o f  ev id en ce  i s  in  f a v o u r  o f  th e  s i t e  o f
m ajo r  developm ent o f  f i b r i n o l y t i c  a c t i v i t y , o n  r e s t o r a t i o n  o f  a r t e r i a l
f lo w  fo l lo w in g  ischaem ia , b e in g  th e  a r t e r i a l  t r e e .  I f  t h i s  i s  assumed th en
th e  f i b r i n o l y t i c  a c t i v i t y  which p e r s i s t s  in  b lood  from  th e  f i n g e r
f o l lo w in g  r e s t o r a t i o n  o f  the c i r c u l a t i o n  to  an isch aem ic  limb i s  im p arted
to  i t  by th e  a r t e r i a l  t r e e  in  th e  ischaem ic  a r e a .  I t  fo l lo w s  t h a t
e x e r c i s e d  ischaem ic  m uscles  e x e r t  t h e i r  i n h i b i t o r y  e f f e c t  upon a r t e r i e s
so  l o c a t e d .  I t  has  been shown t h a t  th e  f i b r i n o l y t i c  a c t i v i t y  w hich d e v e lo p s
w i t h i n  v e in s  in  re sp o n se  to  isch aem ia  r e s u l t s  from the  s t i m u l a t i o n  o f
p o s s i b l y ,  a c h o l i n e r g ic  e f f e c t o r  mechanism in  t h e i r  w a l l s .  The e x p e r im e n tsaw i th  p ro c a in e  r e n d e rs  i t  p ro b a b le  t h a t / s i m i l a r  mechanism e x i s t s  in  th e  
w a l l s  o f  human a r t e r i e s ,  i t  would ap p ea r  r e a so n a b le  to  su g g e s t  t h a t  th e  
i n h i b i t o r y  e f f e c t  o f  e x e r c i s e d  ischaem ic  muscle i s  e x e r t e d  upon t h i s  
mechanism and th e  r e s u l t s  o f  Experim ent 33 s u p p o r t  t h i s  s u g g e s t i o n .  These 
r e s u l t s  e s t a b l i s h  t h a t  th e  i n h i b i t o r y  e f f e c t  o f  e x e r c i s e  o f  isch aem ic  
m uscles  was l o s t  p resum ably  by th e  p r io r  i n h i b i t i o n  by n e o s t ig m in e  o f  
c h o l i n e s t e r a s e  a c t i v i t y .  I t  i s  n o t  known i f  t h i s  c h o l i n e s t e r a s e  dominance 
d e v e lo p s  w i th in  th e  a r t e r y  i t s e l f ;  i f  so  then  th e  a r t e r i a l  t r e e  w i th in  an 
ischaem ic  lim b a c t i v e l y  responds t o  the  e x e r c i s e  o f  m usc les  in  t h a t  lim b 
d u r in g  th e  phase o f  c i r c u l a t o r y  a r r e s t .
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Chapter 9
FIBRINOLYTIC ACTIVITY IN THE VEINS OF RABBITS’ EARS
G ro s s i ,  C l i f f t o n  and Cannamela (8 )  found t h a t  a throm bus, p roduced  
in  th e  m arg in a l  v e in  o f  th e  r a b b i t  e a r  by th e  i n j e c t i o n  o f  th ro m b in , ly s e d .  
T h is  ap p ea red  t o  a f f o r d  a s u i t a b l e  method f o r  an e x p e r im e n ta l  s tu d y  o f  
f i b r i n o l y t i c  a c t i v i t y .
EXPERIMENTS
CONTROL OBSERVATIONS
The thrombus produced  in  each  of 20 r a b b i t s  ly se d  in  from 8 to  39 
h o u rs  (mean = 2 0 ;  S.D. = 7 ) .
EFFECT OF 5-HT 
Experim ent 1
To d e te rm in e  w hether  th e  a d d i t i o n  o f  5-HT t o  th e  thrombus would 
i n c r e a s e  the  r a t e  of l y s i s  o f  t h a t  throm bus, o b s e rv a t io n s  were made on 28 
r a b b i t s .  To th e  s o lu t i o n  o f  th rom bin  th e  fo l lo w in g  amounts o f  5-HT were 
added: lO yug. (Group 1, 4 a n im a l s ) ,  3y u g . (Group 2 , 16 a n im a l s ) ,  0 .3 /u g .  
(Group 3 ,  4 a n im a ls )  and 0 .0 3 yug. (Group 4, 4 a n im a ls ) .
The c l o t s  ly se d  in  Group 1 in  from  3 to  4 h o u rs  (mean = 3 .5 ;  S .D . =
0 . 5 ) ,  in  Group 2 in  from  0 .25  to  6 hours  (mean = 2 .9 ;  S .D . = 1 . 7 ) ,  in
Group 3 in  from 2 to  6 h o u rs  (mean = 4 .5 ;  S.D. = 1 .7 )  and in  Group 4 in
from  7 to  30 hou rs  (mean = 23; S.D. = 9 ) .
The r a t e  o f  l y s i s  in  Groups 1, 2 and 3 a r e  s i g n i f i c a n t l y  more r a p id  
th a n  in  th e  c o n t r o l s  (P = < 0 .0 0 1 )  bu t on comparing one w i th  a n o th e r  no 
s i g n i f i c a n t  d i f f e r e n c e  em erges. The r a t e  o f  l y s i s  in  Group 4 does n o t  
d i f f e r  s i g n i f i c a n t l y  from t h a t  in  the  c o n t r o l s .
Experim ent 2
T h is  was u n d e r ta k e n  to  d e te rm in e  w h e th e r  th e  r a t e  o f  l y s i s  o f  a 
throm bus was reduced  in  th e  p re se n c e  o f  th ro m b o cy to p aen ia  and i f  so ,  
w h e th e r  t h i s  r e d u c t io n  was p re v e n te d  by th e  a d d i t i o n  o f  5-HT to  th e  c l o t .  
Nine r a b b i t s  were re n d e re d  th rom bocy topaen ic  30 m in u tes  p r i o r  to  th e
/ - I
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p ro d u c t io n  o f  th e  throm bus. The p l a t e l e t  count in  each  anim al was l e s s  
th a n  30 ,000 p e r  c.mm. The th rom bi were produced in  the  u s u a l  way in  5 
a n im a ls .  Group 1 . In  each  o f  th e  rem ain ing  4, Group 2 , 3y u g . o f  5-HT 
were added to  th e  s o lu t i o n  o f  th rom bin .
The c l o t s  ly se d  in  Group 1 i n  from 48 t o  84 hours  (mean = 63; S .D .
= 1 5 .6 )  and in  Group 2 in  from 0 .2 5  to  4 hours  (mean = 2 .4 ;  S.D. = 1 . 4 ) .
The r a t e  of l y s i s  in  Group 1 i s  s i g n i f i c a n t l y  l e s s  r a p id  th a n  in  the  
c o n t r o l s  (P = < 0 .0 0 1 )  w hereas t h a t  in  Group 2 does not d i f f e r  s i g n i f i c a n t l y  
from  t h a t  e n c o u n te red  in  Group 2 ,  Experim ent 1 .
Experim ent 3
H averback, D u tch er ,  S hore ,  Tomich, T e rry  and B rod ie  (10)  have shown 
in  man t h a t  th e  a d m i n i s t r a t i o n  o f  r e s e r p i n e ,  0 ,5  mg. i n t r a m u s c u la r ly  twice 
d a i l y ,  r e s u l t s  in  the  removal o f  5-HT from  p l a t e l e t s  by th e  1 0 th  day .
They have a l s o  shown in  g u in e a -p ig s  t h a t ,  fo l lo w in g  th e  a d m i n i s t r a t i o n  o f  
r e s e r p i n e ,  15yug. per  kg . o f  body w e ig h t i n t r a p e r i t o n e a l l y , th e  p l a t e l e t  
c o n te n t  o f  5-HT d e c l i n e s  by 80 to  90 p e r  c e n t .  To d e te rm in e  th e  e f f e c t  
o f  t h e  a d m in i s t r a t i o n  o f  r e s e r p i n e ,  and presum ably th e  e f f e c t  o f  re d u c in g  
s i g n i f i c a n t l y  th e  p l a t e l e t  c o n te n t  of 5-HT, upon th e  r a t e  o f  l y s i s  o f  
th ro m b i ,  7 r a b b i t s  were g iv en  0 .1  mg. o f  r e s e r p in e  in t r a m u s c u la r ly  tw ice  
d a i l y  f o r  10 d a y s .  The p l a t e l e t  count in  each an im al rem ained u n a f f e c t e d .  
Thrombi were th e n  p roduced .
In two an im als  th e  c l o t s  ly s e d  in  14 hours  and in  a t h i r d  an im al in  
18 h o u r s .  In  th e  rem ain in g  4 th e  c l o t s  f a i l e d  to  ly s e d  in  72 hours  when 
th e  ex p er im en t was t e r m in a te d .  In  each o f  th e se  4 a n im a ls  a second c l o t  
was th e n  p roduced  in  th e  o p p o s i te  e a r  and to  th e  th rom bin  s o lu t i o n  were 
added 3 yug . o f  5-HT. The r a t e s  o f  l y s i s  o f  th e s e  second c l o t s  were n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  r e p o r te d  in  Group 2 , Experim ent 1 .
Experim ent 4
Gaddum and Haraeed (7 )  conc luded  t h a t  t h e r e  were s p e c i f i c  r e c e p to r s  
f o r  5-HT in  the  b lo o d  v e s s e l s  o f  the  r a b b i t ' s  e a r  w hich a r e  r e a d i l y
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p a r a ly s e d  by l y s e r g i c  a c id  d ie th y la m id e  (LSD 2 5 ) .  To de te rm in e  th e  
in f lu e n c e  o f  LSD 25, o b s e rv a t io n s  were made on 8 r a b b i t s  w hich were 
d iv id e d  i n to  two e q u a l  g roups, Groups 1 and 2 .  I n to  th e  s e l e c t e d  segment 
o t v e in  i s o l a t e d  betw een clamps in  each an im al was i n j e c t e d  0 . 5 yug. o f  
LSD 25 in  0 .05  m l, o f  s a l i n e .  F ive  m inutes  l a t e r  th e  clamps were r e l e a s e d ,  
th en  r e a p p l i e d .  In  Group 1 th e  c l o t s  were produced in  th e  u s u a l  way bu t 
in  Group 2 th e  th rom bin  s o lu t i o n  c o n ta in e d  3 yug. o f  5-HT.
The c l o t s  in  b o th  g roups f a i l e d  to  ly se  in  72 hours  when th e  
ex p e r im en t was t e r m in a te d .
Experim ent 5
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether  5-HT must be p r e s e n t  i n  the  
c l o t  i t s e l f  to  p roduce a c c e l e r a t e d  l y s i s .  O b se rv a tio n s  were made on 6 
r a b b i t s .  Clamps were a p p l i e d  in  the u s u a l  way and i n t o  th e  segment o f  
v e in  3 yug. o f  5-HT in  0 .05  m l. s a l i n e  were i n j e c t e d .  F ive  m inu tes  l a t e r  
th e  clamps were r e l e a s e d  th e n  r e a p p l ie d  and the  thrombus p roduced .
The c l o t s  ly se d  in  from 1 .5  to  6 hours  (mean = 3 .6 ;  S .D . = 1 . 5 ) .
T h is  r e s u l t  i s  no t s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  e n c o u n te re d  in  Group 
2 ,  Experim ent 1.
I t  shou ld  be n o te d  t h a t  th e  f r e e  in t ra v e n o u s  i n j e c t i o n  o f  3 / i g .  o f  
5-HT e x e r t s  no e f f e c t  upon th e  r a t e  of l y s i s  o f  a thrombus produced  in  
a n o th e r  v e in .
Experim ent 6
To d e te rm in e  th e  e f f e c t  o f  the  paravenous i n j e c t i o n  o f  5-HT on the  
r a t e  o f  c lo t  l y s i s  o b s e rv a t io n s  were made on 9 r a b b i t s .  They were d iv id e d  
i n t o  th re e  g ro u p s  of t h r e e  a n im a ls .  Groups 1, 2 and 3; and the  q u a n t i t y  o f  
5-HT employed in  each group was 0 .3 ,  0 .1  and 0 .0 3 y u g . r e s p e c t i v e l y .  
Im m edia te ly  b e f o re  th e  p ro d u c t io n  o f  th e  thrombus th e  5-HT in  0 .0 5  m l. o f  
s a l i n e  was i n j e c t e d  p a r a l l e l  t o  and a p p ro x im a te ly  5 mm. away from the  
s e l e c t e d  segm ent. A second c l o t  was a l s o  p roduced in  a v e in  on th e  o th e r  
m arg in  o f  th e  same e a r .
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In  Groups 1 and 2 th e  c l o t s  formed and ly s e d  b e fo re  r e l e a s e  o f  the  
clamps and th e  second c l o t s  ly s e d  in  a l l  an im a ls  in  l e s s  th a n  1 h o u r .
In Group 3 th e  c l o t s  ly se d  in  from 1 to  2 hours  and th e  second c l o t s  
ly s e d  w i th in  th e  same t im e .
Experim ent 7
I t  has been  found in  man t h a t  th e  s t i m u l a t i o n  o f  f i b r i n o l y t i c  
a c t i v i t y  in  a segment o f  a v e in  in  an arm produces f i b r i n o l y t i c  a c t i v i t y  
r e f l e x l y  w i th in  th e  r e s t  of the  venous t r e e  in  th e  same arm . T h is  
ex p er im en t was c a r r i e d  out to  d e te rm in e  w hether such r e f l e x  a c t i v i t y  
o c c u r re d  in  the  r a b b i t ' s  e a r .  In  each o f  6 r a b b i t s  a throm bus was 
p roduced  in  th e  u s u a l  way, b u t  im m edia te ly  p r i o r  to  i t s  p r o d u c t io n  3 yug. 
o f  5-HT in  0 .0 5  m l. s a l i n e  were i n j e c t e d  in to  a segment o f  a v e in  i s o l a t e d  
betw een  clamps on the  o th e r  m argin o f  th e  e a r  and below th e  l e v e l  o f  t h a t  
s e l e c t e d  f o r  th e  throm bus.
The c l o t s  ly se d  in  from 1 to  6 h o u rs  (mean = 2 .8 ;  S .D . = 1 .7 )  which 
i s  s i g n i f i c a n t l y  more r a p id  th an  th e  r a t e  o f  l y s i s  e n c o u n te re d  in  the  
c o n t r o l s  (P = < 0 .0 0 1 ) .
E xperim en t 8
I t  h as  been  found in  man t h a t  s t im u la t i o n  o f  f i b r i n o l y t i c  a c t i v i t y  
w i th in  a v e in  o f  one arm r e s u l t s  in  th e  r e f l e x  p ro d u c t io n  o f  f i b r i n o l y t i c  
a c t i v i t y  w i th in  th e  v e in s  o f  th e  o p p o s i te  arm. To d e te rm in e  w hether  t h i s  
phenomenon o c c u r re d  in  r a b b i t s ’ e a r s ,  th rom bi were p roduced  s im u l ta n e o u s ly  
in  b o th  e a r s  o f  6 r a b b i t s .  In  each  an im al 3 ^ g .  o f  5-HT were added t o  
th e  th rom bin  s o l u t i o n  p ro d u c in g  th e  c l o t  in  one e a r .
The r e s u l t s  a re  s e t  o u t  in  T ab le  XXXV. In 2 an im a ls  th e  th rom bi 
p roduced  by throm bin a lo n e  ly se d  in  4 h o u rs  which i s  w e l l  below the  range 
e n c o u n te re d  in  th e  c o n t r o l  o b s e r v a t io n s .  In th e  rem ain in g  4 a n im a ls  the  
l y s i s  tim e was w i th in  th e  range e n c o u n te re d  in  th e  c o n t r o l  o b s e r v a t io n s .  
The o c cu rren c e  o f  r a p id  l y s i s  in  2 an im als  was s u f f i c i e n t l y  s u g g e s t iv e  o f
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Table XXXV
In f lu e n c e  o f  3yug . o f  5-HT w i th in  a thrombus in  one e a r  upon th e  l y s i s  
time o f  a thrombus produced  in  th e  o p p o s i te  e a r  in  Experim ent 8
R abb it
e a r
L ys is  tim e (h o u rs )
L e f t  e a r  
(Thrombin + 5-HT ( 3 y u g .) )
R igh t e a r  
(Thrombin a lo n e )
1 3 i 4
2 3 j 28
3 4
4 6 24
5 5 30
6 l i 12
c o n t r a l a t e r a l  r e f l e x  s t i m u l a t i o n  to  p re v e n t  th e  u se  o f  th e  c o n t r a l a t e r a l  
e a r  a s  a c o n t r o l  in  c e r t a i n  o f  th e  e x p e r im e n ts .
EFFECT OF ADRENALINE AND NORADRENALINE 
Experim ent 9A
Since i t  has  been shown, C h ap te r  4 , t h a t  a d r e n a l in e  s t i m u l a t e s  th e  
p ro d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  w i th in  a v e in ,  o b s e rv a t io n s  were u n d e r ­
ta k e n  t o  d e te rm in e  w hether th e  in t r o d u c t io n  o f  a d r e n a l in e  would augment 
th e  r a t e  o f  l y s i s  o f  a thrombus w i th in  a v e in .  O b s e rv a t io n s  were made on 
4 r a b b i t s ,  and  in  each case  2y U g .  o f  a d r e n a l in e  h y d ro c h lo r id e  were added 
t o  th e  s o lu t i o n  o f  th ro m b in .
The c l o t s  ly se d  in  5 to  9 hours  (mean = 6 ,3 ;  S.D. = 2 ) .  T h is  i s  a 
s i g n i f i c a n t l y  more r a p id  l y s i s  than  t h a t  e n c o u n te re d  in  th e  c o n t r o l s  
(P = < 0 .0 1 )  b u t  i t  i s  s i g n i f i c a n t l y  l e s s  r a p id  th a n  t h a t  e n c o u n te re d  when 
5-HT in  amounts o f  0 .3  yug. or g r e a t e r  i s  added to  th e  th rom bin  s o l u t i o n  
( P = < 0 . 0 1 ) .
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E xperim ent 9B
Experim ent 9A was r e p e a te d  on 2 r a b b i t s  s u b s t i t u t i n g  f o r  a d r e n a l in e  
2 yAig. o f  n o r a d r e n a l in e .
The c l o t  ly s e d  in  6 hours  in  each c a s e .
Experim ent lOA
In o rd e r  to  d e te rm in e  the  e f f e c t  o f  the  paravenous  i n j e c t i o n  o f  
a d r e n a l in e  upon th e  r a t e  o f  c l o t  l y s i s ,  Experim ent 6 was r e p e a te d  on 4 
r a b b i t s  s u b s t i t u t i n g  2y i g . o f  a d r e n a l in e  in  0 .05  m l. o f  s a l i n e  f o r  the  
5-HT.
The c l o t s  ly s e d  in  from  4 to  9 h ours  (mean = 6 .5 ;  S .D . = 2 ) .  T h is  
i s  not s i g n i f i c a n t l y  d i f f e r e n t  from th e  r e s u l t s  o f  E xperim en t 9A. U nlike  
5-HT, a d r e n a l in e  a c c e l e r a t e s  th e  r a t e  o f  c l o t  l y s i s  by th e  same amount 
w hether  p a ra v en o u s ly  o r  in t r a v e n o u s ly  i n j e c t e d .
E xperim en t lOB
Experim ent lOA was r e p e a te d  on 4 r a b b i t s  s u b s t i t u t i n g  f o r  a d r e n a l in e  
2y ug . o f  n o r a d r e n a l in e .  In  2 c a se s  the c l o t s  ly s e d  in  one hour a n d , in  
th e  re m a in in g  2 in  2 h o u r s .
Experim ent llA
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether a d r e n a l in e  a c c e l e r a t e d  th e  
r a t e  o f  c l o t  l y s i s  in  v i r t u e  o f  i t s  v a s c o n s t r i c t o r  e f f e c t . Burn and 
D u tta  (2 )  have shown t h a t  t h i s  e f f e c t  can be c o n v e r te d  t o  a d i l a t o r  e f f e c t  
by p r i s c o l .
O b s e rv a t io n s  were made on 4 r a b b i t s .  P r i s c o l ,  1 0 0 / jg .  in  0 .0 5  ml. 
o f  s a l i n e ,  was in t ro d u c e d  i n t o  the  s e le c t e d  segment o f  v e in  betw een clamps 
A f t e r  5 m inu tes  b o th  clamps were r e l e a s e d ,  r e a p p l i e d  and a  thrombus was 
p ro d u c e d .  The s o l u t i o n  o f  th rom bin  c o n ta in e d  2 / i g .  o f  a d r e n a l i n e .
The c l o t s  ly se d  in  3 r a b b i t s  in  1 hour and in  the  f o u r t h  in  2 h o u r s ,  
w hich i s  w e l l  below the  range e n c o u n te re d  n o t o n ly  in  th e  c o n t r o l s  b u t  
a l s o  in  E xperim ent 9A.
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Experim ent IIB
The r e s u l t s  o f  Experim ent l lA  a r e  c o n s i s t e n t  w ith  th e  augm en ta tion  
by p r i s c o l  o f  th e  r a t e  o f  c l o t  l y s i s .  P r i s c o l  h a s ,  in  a d d i t i o n  to  i t s  
a d r e n e rg ic  b lo c k in g  e f f e c t ,  parasym pathom im etic and h i s t a m i n e - l i k e  
a c t i o n s  (1 5 ) .
To d e te rm in e  the e f f e c t s  o f  p r i s c o l  on th e  r a t e  o f  c l o t  l y s i s  
Experim ent l lA  was r e p e a te d  on 3 r a b b i t s  bu t no a d r e n a l in e  was added t o  
th e  s o l u t i o n  o f  th ro m b in .
The c l o t s  ly s e d  in  2 a n im a ls  in  3 hours  and in  th e  t h i r d  in  4 hours  
which i s  s i g n i f i c a n t l y  more r a p id  than  in  the  c o n t r o l s  (P = < 0 . 0 0 1 ) .
EFFECT OF ACETYLCHOLINE 
E xperim en t 12
To d e te rm in e  w hether  th e  a d d i t i o n  o f  a c e t y l c h o l i n e  t o  th e  c l o t  would 
i n c r e a s e  th e  r a t e  o f  c l o t  l y s i s ,  o b s e rv a t io n s  were made on 5 r a b b i t s .  
A c e ty lc h o l in e ,  100y u g . ,  was added to  th e  s o lu t i o n  o f  th ro m b in .  To 
d e te rm in e  w h e th e r  a c e t y l c h o l i n e  s t im u la t e d  th e  p ro d u c t io n  o f  f i b r i n o l y t i c  
a c t i v i t y  in  o th e r  v e in s  o f  the  same e a r ,  a second c l o t  was p roduced  in  a 
v e in  on th e  o t h e r  m argin  o f  th e  same e a r .
The c l o t s  ly s e d  in  from  3 to  4 h o u rs  (mean = 3 .5 ;  S .D . = 0 . 5 )  which
i s  s i g n i f i c a n t l y  more r a p id  th a n  in  th e  c o n t r o l s  (P = < 0 .0 0 1 )  b u t  i s  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  from t h a t  en c o u n te re d  in  Group 2 ,  E xperim ent 1 .
The second  c l o t s  ly s e d  in  from  8 to  18 h o u rs  (mean = 10; S.D . = 3 . 8 ) .
T h is  i s  s i g n i f i c a n t l y  more r a p id  t h a t  i n  th e  c o n t r o l s  (P = < 0 . 0 1 ) .
Experim ent 13
To d e te rm in e  th e  e f f e c t  o f  a c e t y l c h o l i n e  i n j e c t e d  p a ra v e n o u s ly  on 
th e  r a t e  o f  l y s i s  o f  a c l o t  Experim ent 6 was r e p e a te d  on 4 r a b b i t s  
s u b s t i t u t i n g  10yug. o f  a c e ty lch o lin e  in  0 .0 5  m l. o f  s a l i n e  f o r  th e  5-HT.
The c l o t s  formed and ly s e d  b e fo re  r e l e a s e  o f  th e  c lam p s. The c l o t
in  t h e  o th e r  v e in  in  each  c a se  l y s e d  w i t h i n  30 m in u te s .  I t  would ap p e a r  
t h a t  the  paravenous  i n j e c t i o n  o f  a c e t y l c h o l i n e  i s  a more pow erfu l s t im u lu s
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th a n  in t ra v e n o u s  i n j e c t i o n  to  the  p ro d u c t io n  o f  f i b r i n o l y t i c  a c t i v i t y  no t 
o n ly  l o c a l l y  b u t  a l s o  in  o th e r  v e in s  o f  th e  same e a r .
Experim ent 14
The a c t i o n  o f  a c e t y l c h o l i n e  in  s t im u la t i n g  f i b r i n o l y t i c  a c t i v i t y  
r e f l e x l y  i s  c o n s i s t e n t  w ith  i t s  having  an  a c t i o n  a d d i t i o n a l  to  t h a t  a s  
the e f f e c t o r  su b s ta n c e  f o r  i t  has  been shown, b o th  i n  th e  r a b b i t  and  in  
man, t h a t  th e  l o c a l  s t i m u l a t i o n  o f  e f f e c t o r s  i s  no t e s s e n t i a l  to  th e  
r e f l e x  s t im u la t i o n  o f  e f f e c t o r s  in  o th e r  v e in s .  I t  i s  known t h a t  
a c e t y l c h o l i n e ,  u nder  c e r t a i n  c i r c u m s ta n c e s ,  has a v a s o c o n s t r i c t o r  a c t i o n  
(2 ,  12) and i t  has  been shown t h a t  t h i s  a c t i o n  in  th e  v e s s e l s  o f  the  
r a b b i t  e a r  i s  due to  the r e l e a s e  o f  n o r a d re n a l in e  from th e s e  v e s s e l s  ( 3 ) .  
Burn and Rand (3 )  found t h a t  i f  l a r g e  d o ses  o f  r e s e r p in e  a r e  a d m in is te r e d  
to  r a b b i t s  a n o r a d r e n a l i n e - l i k e  s u b s ta n c e ,  p r e s e n t  in  th e  s k in  o f  th e  
e a r s  o f  u n t r e a t e d  r a b b i t s ,  d i s a p p e a re d .
O b s e rv a t io n s  were made on 4 r a b b i t s .  They r e c e iv e d  1 .5  m g ./k g .  o f  
r e s e r p i n e  by i n t r a p e r i t o n e a l  i n j e c t i o n  on the f i r s t  day and 5 m g ./k g .  by 
in t r a v e n o u s  i n j e c t i o n  on t h e  seco n d . Four hours  a f t e r  th e  second  i n j e c t i o n  
Experim ent 13 was r e p e a te d  on a l l  4 a n im a ls .
In  each  an im al th e  f i r s t  c l o t s  formed and ly s e d  b e f o r e  r e l e a s e  o f  
the  c lam p s.  The second c l o t s  ly s e d  w i th in  45 m in u te s .
EFFECT OF HISTAMINE 
Experim en t 15
To d e te rm in e  w hether  the a d d i t i o n  o f  h is ta m in e  to  th e  c l o t  would 
i n c r e a s e  the  r a t e  o f  c l o t  l y s i s  o b s e rv a t io n s  were made on 5 r a b b i t s .  
H is ta m in e ,  0 .2 5 / u g . ,  was added to  the  s o l u t i o n  o f  th ro m b in .
The c l o t s  ly se d  in  from  2 to  4 h o u rs  (mean = 2 .4 ;  S.D . = 0 .8 )  which 
i s  s i g n i f i c a n t l y  more r a p id  th an  in  th e  c o n t r o l s  (P = < 0 .0 0 1 ) .
Experim ent 16
To d e te rm in e  th e  e f f e c t  o f  h is ta m in e  i n j e c t e d  p a ra v e n o u s ly  on the
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r a t e  o f  l y s i s  o f  a c l o t  Experim ent 6 was r e p e a te d  on 3 r a b b i t s  s u b s t i t u t i n g  
0 .25  y j g . o f  h is ta m in e  in  0 .05  m l. o f  s a l i n e  f o r  th e  5-HT. One c l o t  o n ly  
was p roduced in  each c a s e .
The c l o t s  formed and ly s e d  b e fo re  r e l e a s e  o f  th e  c lam ps.
E xperim en t 17
To de te rm ine  w hether h is ta m in e  s t im u la t e d  th e  p ro d u c t io n  o f  
f i b r i n o l y t i c  a c t i v i t y  in  o th e r  v e in s  o f  th e  same e a r  Experim ent 7 was 
r e p e a te d  on 4 r a b b i t s  s u b s t i t u t i n g  0 . 2 5 ^ g .  o f  h is ta m in e  i n  0 .0 5  m l. o f  
s a l i n e  f o r  th e  5-HT.
The c l o t s  ly se d  in  from 2 to  5 h o u rs  (mean = 3; S.D. = 1 ,2 )  which 
i s  s i g n i f i c a n t l y  more r a p id  th a n  in  th e  c o n t r o l s  (P = < 0 . 0 0 1 ) .
EFFECT OF 5-HT AND HISTAMINE 
Experim ent 18
S ince  p l a t e l e t s  n o t  o n ly  c o n ta in  5-HT b u t  a l s o  h is ta m in e  (1 1 )  i t  
was d e s i r a b l e  to  d e te rm in e  w hether  h is ta m in e  would augment th e  in c r e a s e d  
r a t e  o f  l y s i s  o f  th rom bi e n c o u n te re d  when 5-HT was added t o  the  s o l u t i o n  
o f  th ro m b in .  O b s e rv a t io n s  were made on 4 r a b b i t s .  To th e  s o l u t i o n  o f  
th ro m b in  0 . 3 y u g . o f  5-HT and 0 , 2 5 / j g .  o f  h is ta m in e  were added .
The c l o t s  formed and ly s e d  b e f o re  r e l e a s e  o f  th e  c lam ps.
EFFECT OF ATROPINE 
E xperim en t 19
T h is  exper im en t was u n d e r ta k e n  to  d e te rm in e  w h e th e r  a t r o p i n i s a t i o n  
o f  a segment o f  v e in  would i n h i b i t  the abnorm ally^  r a p id  l y s i s  o f  th rom bi 
which r e s u l t e d  when 5-HT was added to  th e  s o l u t i o n  o f  th ro m b in .
O b s e rv a t io n s  were made on 4 r a b b i t s .  A t ro p in e ,  100^ g .  in  0 .05  m l. o f  
s a l i n e ,  was in t ro d u c e d  i n to  th e  s e l e c t e d  segment o f  v e in  betw een the  
c lam p s .  A f te r  5 m in u tes  b o th  clamps were r e l e a s e d ,  r e a p p l i e d  and th e  
throm bus p roduced . The s o lu t i o n  o f  th rom bin  c o n ta in e d  3y u g . o f  5-HT.
The c l o t s  ly se d  in  12 to  24 hours  (mean = 1 6 .7 ;  S .D . = 5 . 1 ) .  T h is
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i s  s i g n i f i c a n t l y  s lo w er  th a n  th e  r a t e  e n c o u n te re d  in  th e  absence  o f  
a t r o p i n i s a t i o n  (Group 2 ,  Experim ent 1, P = < 0 .0 0 1 ) .
Experim ent 20
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether  a t r o p i n i s a t i o n  would 
i n h i b i t  the ab n o rm a lly  r a p id  l y s i s  of th rom bi e n c o u n te re d  when 5-HT was 
i n j e c t e d  in to  a n o th e r  v e in  o f  t h e  same e a r .  Experim ent 7 was r e p e a t e d  
on 4 r a b b i t s  b u t  5 m inu tes  b e f o re  p ro d u c t io n  o f  th e  th ro m b i,  100 /u g .  o f  
a t r o p in e  in  0 .0 5  ml o f  s a l i n e  were i n j e c t e d  i n to  th e  s e l e c t e d  seg m en t.
The clamps were r e l e a s e d  and r e a p p l i e d  b e fo re  p ro d u c t io n  o f  the  th ro m b i .
The c l o t s  ly se d  in  from 16 t o  36 hou rs  (mean = 25; S .D . = 7 )  which 
i s  s i g n i f i c a n t l y  s low er th a n  in  E xperim en t 7 (P = < 0 .0 0 1 ) .
EFFECT OF DENERVATION 
Experim ent 21
Blood v e s s e l s  o f  a l l  s i z e s  a r e  p o s se s se d  o f  a complex t e r m in a l  
ne rv e  netw ork in  t h e i r  w a l l s .  The p r o fu s io n  o f  t h i s  netw ork  i s  a 
s u r p r i s i n g  c o n t r a s t  to  the  r e l a t i v e  i n s i g n i f i c a n c e  o f  th e  e x t r i n s i c  
v a s c u l a r  n e r v e s .  I t s  p re se n c e  in  v e in s  i s  no t dependen t on th e  p re se n c e  
of smooth m uscle in  t h e i r  w a l l s  f o r  i t  i s  found even in  m u s c le - f r e e  v e in s  
F r a n k l in  (6 ) s t a t e s  t h a t  "one can assume an a c t i o n  o f  th e  c e n t r a l  nerv o u s  
system  upon e v e ry  s i n g l e  c e l l  i n  th e  v e s s e l  w a l l " .  S e c t io n  o f  th e  p o s t ­
g a n g l io n ic  sy m p a th e t ic  f i b r e s  r e s u l t s  in  d e g e n e r a t io n  o f  th e  e x t r i n s i c  
v a s c u l a r  n e rv e s  b u t  n o t  in  d e g e n e ra t io n  o f  th e  t e r m in a l  n e rv e  netw ork  
(1 4 ,  16, 1 7 ) .
The g r e a t  a u r i c u l a r  and g r e a t  o c c i p i t a l  n e rv e s  were c u t  a t  th e  r o o t  
o f  one e a r  and th e  h o m o la te ra l  s t e l l a t e  and s u p e r i o r  sy m p a th e t ic  g a n g l ia  
were e x c i s e d  in  4 r a b b i t s .  Three weeks l a t e r  a throm bus was p roduced  by 
a th rom bin  s o l u t i o n  c o n ta in in g  100/u g .  o f  a c e t y l c h o l i n e .  A second  c l o t  
was p roduced in  a segment o f  v e in  on th e  o th e r  m arg in  o f  th e  same e a r  
by th rom bin  s o l u t i o n  a lo n e .
The f i r s t  c l o t s  ly s e d  in  from  1 t o  4 h o u rs  (mean = 2 .5 ;  S.D . = 1 .1 )
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which i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  from the  r a t e  o f  l y s i s  e n c o u n te re d  
in  Experim ent 12. The second c l o t s  l y s e d  in  from 18 to  26 hours  
(mean = 2 2 ;  S.D. = 2 8 )  which i s  s i g n i f i c a n t l y  lo n g e r  th a n  the  r a t e  o f  
l y s i s  o f  th e  second c l o t s  in  Experim ent 12 (P = < 0 . 0 5 ^ 0 . 0 2 )  b u t  i s  n o t 
s i g n i f i c a n t l y  d i f f e r e n t  from th e  c o n t r o l s .
EFFECT OF TRAUMA 
E xperim en t 22
Kwaan, McFadzean and Cook (1 3 ) ,  in  o b s e rv a t io n s  on p a t i e n t s  w i th  
i n c r e a s e d  sp o n tan e o u s  f i b r i n o l y t i c  a c t i v i t y  o f  th e  p lasm a, found t h a t  such  
a c t i v i t y  was s i g n i f i c a n t l y  reduced  4 h o u rs  a f t e r  s u r g i c a l  o p e r a t io n  and  
d is a p p e a re d  w i th in  24 h o u r s .  In  o rd e r  t o  d e te rm in e  the  in f lu e n c e  o f  
s u r g i c a l  o p e r a t io n  on th e  l y s i s  o f  a thrombus e x p e r im e n ta l ly  p roduced  in  
a v e in ,  o b s e rv a t io n s  were made on 8 r a b b i t s .  Under nem butal a n a e s t h e s i a  
th e  s p le e n  was removed in  4 an im als  and th e  r i g h t  k idney  in  th e  rem ain in g  
f o u r .  Twelve hours  a f t e r  o p e r a t io n  a thrombus was p roduced  in  each  
a n im a l .
In  a l l  a n im a ls  th e  th rom bi p e r s i s t e d  u n t i l  the  8 th  day when a b io p sy  
was ta k e n .  On h i s t o l o g i c a l  ex a m in a t io n  t h e r e  was no e v id en ce  o f  o r g a n i s a t ­
ion  o f  the  c l o t .
EFFECT OF CORTICOTROPHIN 
E xperim en t 23
In o r d e r  t o  d e te rm in e  th e  in f lu e n c e  o f  th e  a d m i n i s t r a t i o n  o f  
c o r t i c o t r o p h i n  on th e  l y s i s  o f  th rom bi each  o f  26 r a b b i t s  was g iv en  
in t r a m u s c u la r ly  3 u n i t s  o f  c o r t i c o t r o p h i n  per  k g . o f  body w e ig h t 8 -h o u r ly  
f o r  48 hours  b e fo re  p ro d u c t io n  o f  the thrombus and  s u b se q u e n t ly  th ro u g h o u t
th e  d u r a t io n  o f  th e  e x p e r im e n t .
In  one anim al th e  c l o t  ly s e d  a f t e r  48 h o u r s .  In th e  rem ain in g  25
the  th ro m b i p e r s i s t e d  u n t i l  the  8 th  day when a b io p sy  was ta k e n .  On
h i s t o l o g i c a l  e x a m in a t io n  t h e r e  was no e v id e n c e  o f  o r g a n i s a t i o n  o f  th e  c l o t .
These o b s e rv a t io n s  have been e x ten d ed  and i t  has  been fo u n d  t h a t  i f
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c o r t i c o t r o p h i n  i s  g iven  f o r  48 hours  b e f o r e ,  b u t  n o t  su bsequen t t o  th e  
p ro d u c t io n  of th e  throm bus, th e  thrombus w i l l  p e r s i s t .  I f ,  however, 
c o r t i c o t r o p h i n  i s  g iven  f o r  24 hours  b e fo re  p r o d u c t io n  o f  th e  throm bus, 
the  thrombus w i l l  ly se  w i th in  the  tim e e n c o u n te re d  in  u n t r e a t e d  an im als  
d e s p i t e  c o n t in u e d  a d m i n i s t r a t i o n  o f  th e  c o r t i c o t r o p h i n .
Experim ent 24
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether  th e  a d m i n i s t r a t i o n  o f  
c o r t i c o t r o p h i n  would r e s u l t  in  th e  i n h i b i t i o n  o f  th e  ab n o rm ally  r a p i d  
l y s i s  o f  th rom bi which o c c u r re d  when 5-HT was added to  th e  s o l u t i o n  o f  
th ro m b in .  Each o f  8 r a b b i t s  was g iv en  c o r t i c o t r o p h i n  a s  in  Experim ent 
23 b u t  in  th e  p ro d u c t io n  o f  th e  thrombus 3 /u g .  o f  5-HT were added t o  th e  
s o l u t i o n  o f  th rom bin .
In  one an im al th e  c l o t  ly s e d  in  48 h o u r s .  In  th e  rem ain ing  sev en  i t
p e r s i s t e d  u n t i l  th e  8 th  day when b io p sy  was ta k e n .  On h i s t o l o g i c a l
e x a m in a t io n  th e r e  was no ev id en ce  o f  o r g a n i s a t i o n  o f  th e  c l o t .
T h is  exper im en t was r e p e a te d  employing p r o g r e s s i v e l y  l a r g e r  q u a n t i t i e s  
o f  5-HT and i t  has  been found t h a t  th e  a c t i o n  o f  20 u g .  was i n h i b i t e d .
E xperim en t 25
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether th e  a d m i n i s t r a t i o n  o f  
c o r t i c o t r o p h i n  would r e s u l t  in  th e  i n h i b i t i o n  o f  the ,  ab n o rm ally  r a p id  
l y s i s  w hich o c c u r re d  when 5-HT was i n j e c t e d  p a ra v e n o u s ly .  E xperim en t 6 
was r e p e a te d  on 6 r a b b i t s  g iven  c o r t i c o t r o p h i n  as  in  Experim ent 23 . The 
an im a ls  were d iv id e d  i n t o  two e q u a l  g ro u p s .  The f o l lo w in g  q u a n t i t i e s  o f  
5-HT in  0 .0 5  m l. o f  s a l i n e  were i n j e c t e d  p a ra v e n o u s ly ,  3 /u g .  in  Group 1 and
0 .3yUg. in  Group 2 .
In Group 1 the  c l o t s  form ed and ly s e d  b e fo re  r e l e a s e  o f  th e  c lam ps.
In  Group 2 the  c l o t s  ly se d  in  4, 5 and 5 hours  r e s p e c t i v e l y .  W hile some 
i n h i b i t o r y  a c t i o n  was e x e r t e d  t h i s  was m arkedly  l e s s  th an  th a t  e x e r t e d  
on 5-HT g iven  i n t r a v e n o u s ly .
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Experim en t 26
T h is  was u n d e r ta k e n  to  d e te rm in e  w h e th e r  th e  a d m i n i s t r a t i o n  o f  
c o r t i c o t r o p h i n  would r e s u l t  in  th e  i n h i b i t i o n  o f  th e  abnorm ally  r a p id  
l y s i s  o f  th rom bi which r e s u l t e d  when a d r e n a l in e  was added t o  th e  s o l u t i o n  
of th ro m b in .  E xperim ent 9A was r e p e a te d  on 4 r a b b i t s  g iv e n  c o r t i c o t r o p h i n  
a s  in  Experim ent 23 .
The c l o t s  ly se d  in  from  8 to  36 h ou rs  (mean = 1 7 .7 ;  S .D . = 1 1 .2 ) .
I t  i s  t o  be remembered t h a t  the a c c e l e r a t e d  c l o t  l y s i s  e n c o u n te re d  when 
a d r e n a l in e  i s  added to  th e  th rom bin  s o l u t i o n  in  u n t r e a t e d  a n im a ls  
(Experim ent 9 A ) re p re s e n ts  th e  sum o f  th e  a c t io n  o f  a d r e n a l in e  and t h a t  o f  
th e  5-HT r e l e a s e d  w i th in  th e  c l o t .  In  view o f  the  r e s u l t s  o f  E x p e rim en ts  
21 and  22 i t  may be ta k e n  t h a t  th e  a c t i o n  o f  the 5-HT i s  i n h i b i t e d ;  
c o n s e q u e n t ly ,  i t  must be co n c lu d ed  t h a t  th e  l y s i s  re c o rd e d  i s  due to  
a d r e n a l in e  and t h a t  the a d m i n i s t r a t i o n  o f  c o r t i c o t r o p h i n  f a i l s  to  i n h i b i t  
the  a c t i o n  o f  a d r e n a l i n e .
Experim en t 27
T h is  was u n d e r ta k e n  to  de te rm ine  w hether  the a d m i n i s t r a t i o n  o f  
c o r t i c o t r o p h i n  would r e s u l t  in  th e  i n h i b i t i o n  o f  th e  abno rm ally  r a p i d  
l y s i s  o f  th rom bi which r e s u l t e d  when h is ta m in e  was added to  the s o l u t i o n  
o f  th ro m b in .  E xperim en t 15 was r e p e a te d  on 4 r a b b i t s  g iv e n  c o r t i c o t r o p h i n  
as  in  Experim ent 23 .
The c l o t s  ly se d  i n  from  7 to  72 hours  (mean = 2 3 .8 ;  S .D . = 2 7 . 8 ) .
For th e  reasons  advanced in  Experim ent 24 above i t  must be c o n c lu d ed  t h a t  
c o r t i c o t r o p h i n  f a i l s  t o  i n h i b i t  the  a c t io n  of h i s t a m in e .
E xperim en t 28
The i n h i b i t o r y  e f f e c t  o f  c o r t i c o t r o p h i n  on th e  a c t i o n  o f  5-HT 
in t ro d u c e d  i n t o  a v e in ,  th e  r e l a t i v e l y  m inor i n h i b i t o r y  e f f e c t  upon the  
a c t i o n  o f  5-HT i n j e c t e d  p a ra v e n o u s ly  su g g e s te d  th e  p o s s i b i l i t y  t h a t  th e  
5-HT when in t ro d u c e d  i n t o  a v e in  in  c o r t i c o t r o p h i n - t r e a t e d  a n im a ls  f a i l e d  
to  re a c h  the  r e c e p t o r s  in  the  v e s s e l  w a l l  o r  in  th e  im m edia te ly  a d ja c e n t
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t i s s u e .  There i s  a n a t u r a l l y  o c c u r r in g  enzyme, mono-amine o x id a s e ,  an 
im p o r ta n t  f u n c t io n  o f  which i s  th e  o x id a t io n  o f  5-HT (B laschko , ( 1 ) ) .  
Thompson and T ic k n e r  (18) r e p o r te d  i t s  o c c u r re n c e  in  b lo o d  v e s s e l s .
A lthough  no in fo rm a t io n  was a v a i l a b l e  as  to  w hether t h i s  enzyme o c c u r re d  
in  in c r e a s e d  q u a n t i t i e s  fo l lo w in g  the  a d m in i s t r a t i o n  of c o r t i c o t r o p h i n  
i t  seemed p o s s ib le  t h a t  t h i s  m ight be th e  c a s e .  To t e s t  t h i s  p o s s i b i l i t y  
an i n h i b i t o r  o f  mono-amine o x id a s e ,  S .K .F . 42 (F e llow s  and Bernheim, ( 5 ) )  
was em ployed. Four r a b b i t s  were g iven  c o r t i c o t r o p h i n  as  in  E xperim ent 23 . 
I n to  th e  segment o f  v e in  i s o l a t e d  between clamps were i n j e c t e d  50/ u g . o f  
S .K .F .  42 in  0 .0 5  ml. o f  s a l i n e .  A f t e r  5 m inu tes  th e  clamps were r e l e a s e d ,  
r e a p p l i e d  and c l o t s  p roduced by a th rom bin  s o l u t i o n  c o n ta in in g  3 / j g .  o f  
5-HT.
The c l o t s  formed and ly s e d  b e fo re  r e l e a s e  o f  th e  c lam ps.
Experim en t 29
T h is  was u n d e r ta k e n  to  d e te rm in e  th e  in f lu e n c e  o f  S .K .F .  42 upon the  
l y s i s  o f  c l o t s  p roduced  in  u n t r e a t e d  r a b b i t s .  O b s e rv a t io n s  were made on 4 
r a b b i t s .  S .K .F .  42 was i n j e c t e d  a s  in  Experim ent 2 8 . In  two a n im a ls  
th ro m b i were produced in  the  u s u a l  way and in  th e  rem a in in g  two, 0 .0 3 ^ g . 
o f  5-HT was added to  the throm bin s o l u t i o n .  In  th e  fo rm er  th e  c l o t s  
ly s e d  in  each  case  in  5 hours  and in  the l a t t e r  th e y  ly se d  i n  each case  
in  1 h o u r .
EFFECT OF CHOLESTEROL 
Experim ent 30
G reig  (9 )  r e p o r te d  the  i n h i b i t i o n  in  man o f  sp o n tan e o u s  f i b r i n o l y t i c  
a c t i v i t y  o f  th e  plasm a by a f a t t y  m eal. In o rd e r  to  de te rm ine  the  e f f e c t  
o f  f e e d in g  c h o l e s t e r o l  on the  l y s i s  o f  th rom bi in  v e in s  21 r a b b i t s  were 
f e d  c h o l e s t e r o l ,  1 g .  p e r  kg . o f  body w e ig h t  in  o i l  d a i l y .  On th e  10 th  
day a c l o t  was p roduced .
The c l o t s  ly se d  in  6 an im a ls  w i th in  the tim e e n c o u n te re d  in  c o n t r o l s .  
The v e in s  were normal on h i s t o l o g i c a l  e x a m in a t io n .  In th e  re m a in in g  15
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a n im a ls  the  c l o t s  d id  n o t  l y s e ,  b u t  a f r e e  f low  th ro u g h  th e  c l o t  was 
e s t a b l i s h e d  in  72 to  122 h o u rs  (mean = 86; S.D. = 7 ) .  A b io p sy  was ta k e n  
10 days a f t e r  p ro d u c t io n  o f  th e  thrombus and on h i s t o l o g i c a l  ex am in a tio n  
th e  v e in s  were abnorm al. The thrombus in  each c a se  had become o rg a n is e d  
and t h i s  had r e s u l t e d  in  v a r i a b le  and i r r e g u l a r  th i c k e n in g  o f  th e  in t im a .  
In  th e  i n t e r s t i c e s  o f  the  g r a n u l a t io n  t i s s u e  *foam' c e l l s  were p r e s e n t  in  
v a ry in g  num bers.
E xperim ent 31
T h is  was u n d e r ta k e n  to  d e te rm in e  w hether the  f e e d in g  o f  c h o l e s t e r o l  
c o u ld  i n h i b i t  th e  abnorm ally  r a p id  l y s i s  o f  th rom bi which o c c u r re d  when 
5-HT was added t o  the  s o l u t i o n  o f  th ro m b in .  Ten r a b b i t s  were f e d  
c h o l e s t e r o l  as  in  Experim ent 30 . On the  10th  day a thrombus was p ro d u ced .  
To th e  th rom bin  s o l u t i o n  were added 3 / i g .  o f  5-HT. The c l o t s  ly s e d  in  
from  1 to  18 hours  (mean = 7 .6 ;  S .D . = 5 . 9 ) .  T h is  i s  s i g n i f i c a n t l y  s lo w er  
th a n  the l y s i s  time e n c o u n te re d  i n  Group 2 , Experim ent 1 (P = < 0 . 0 1 ) .
Experim en t 32
In o r d e r  to  d e te rm in e  w h e th e r  th e  fe e d in g  o f  c h o l e s t e r o l  would 
i n h i b i t  th e  r a p i d  l y s i s  o f  th rom bi which o ccu rred  when a d r e n a l in e  was 
added to  th e  s o l u t i o n  o f  th ro m b in . Experim ent 9A was r e p e a te d  on 4 a n im a ls  
f e d  c h o l e s t e r o l  f o r  10 days as  in  Experim ent 30.
The c l o t  in  one anim al ly s e d  in  24 h o u r s .  In  th e  rem ain ing  t h r e e  
the  c l o t s  d id  n o t  ly s e  bu t f r e e  f lo w  was e s t a b l i s h e d  th ro u g h  th e  c l o t s  in  
betw een 3 to  4 d a y s .  A b io p s y ,  ta k e n  on the 10 th  day , i n  each  o f  th e s e  
th r e e  a n im a ls  showed ap p e a ra n c e s  i n d i s t i n g u i s h a b l e  from th o se  r e p o r t e d  in  
Experim ent 30.
Comment
I t  has been  shown t h a t  e i t h e r  th e  r e d u c t io n  in  the  number of 
p l a t e l e t s  in  the p e r i p h e r a l  b lood  o r  r e d u c t io n  in  th e  c o n te n t  o f  5-HT 
in  p l a t e l e t s ,  th e  number o f  p l a t e l e t s  b e in g  u n a f f e c t e d ,  p ro lo n g s  th e  l y s i s
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t im e o f  a c l o t  produced in  a v e in  o f  th e  r a b b i t ' s  e a r .  In  bo th  c a s e s  t h i s  
e f f e c t  i s  c o r r e c t e d  by the a d d i t i o n  o f  5-HT t o  the c l o t .  I t  i s  r e a s o n a b le  
to  conc lude  t h a t  p l a t e l e t s  in  v i r t u e  o f  t h e i r  c o n te n t  o f  5-HT a re  
r e s p o n s i b l e  f o r  the l y s i s  o f  such a c l o t .
I t  has  been  shown t h a t ,  a s  i n  subcu taneous  v e i n s  i n  man, 5-HT 
s t i m u l a t e s  a c h o l i n e r g i c  e f f e c t o r  mechanism in  th e  w a l l s  o f  v e in s  i n  the  
r a b b i t ' s  e a r .  T h is  r e s u l t s  in  t h e  development w i t h i n  t h e s e  v e i n s  o f  
f i b r i n o l y t i c  a c t i v i t y  of  such i n t e n s i t y  as  to  r e s u l t  in  the  r a p i d  l y s i s  
o f  c l o t t e d  whole b lo o d .  Such s t i m u l a t i o n  r e f l e x l y  p roduces  th rough  
s i m i l a r  e f f e c t o r s  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  o t h e r  v e in s  o f  th e  same 
e a r  and p ro b a b ly  a l s o  in  v e in s  o f  the  o p p o s i te  e a r .  That  th e  fo rm er  i s  
in d e ed  a r e f l e x  s t i m u l a t i o n  i s  e s t a b l i s h e d  by Exper iment  19.  The pathway 
i s  presumably  th e  e x t r i n s i c  v a s c u l a r  n e r v e s .
Erspamer ( 4 )  r e p o r t e d  the c o n c e n t r a t i o n  o f  5-HT in  r a b b i t  serum to  
be 3 . 5 3 / i g .  p e r  ml.  and ,  in  t h e  same an im a l ,  Humphrey and J aq u es  (1 1 )  a 
c o n c e n t r a t i o n  o f  7 . 5 / u g .  p e r  10^ p l a t e l e t s .  The p r e s e n t  o b s e r v a t i o n s  
i n d i c a t e  t h a t  th e  maximum a c t i v i t y  o f  th e  e f f e c t o r s , o b t a i n a b l e  by th e  
i n t r a v e n o u s  i n j e c t i o n  o f  5-HT, occu rs  w i th  a s o l u t i o n  o f  5-HT c o n t a i n i n g  in  
0 .05  ml.  perhaps  l e s s  than  0 . 3 / u g . but  g r e a t e r  than  0 . 0 3 / u g . , ,  c o n c e n t r a t ­
io n s  o f  6 and 0 . 6/ u g .  o f  the  c r e a t i n i n e  s u lp h a t e  p e r  m l . ,  r e s p e c t i v e l y .  
While in  the p r e s e n t  e x p e r im e n ts  i t  i s  r e a l i s e d  t h a t  t h i s  maximum a c t i v i t y  
r e p r e s e n t s  p o s s i b l y  th e  sum o f  two s t i m u l i ,  t h a t  o f  the  i n j e c t e d  5-HT and 
t h a t  o f  t h e  5-HT from d i s i n t e g r a t i n g  p l a t e l e t s  w i t h i n  th e  c l o t ,  i t  seems 
r e a s o n a b le  to  s u g g e s t  t h a t  an amount o f  5-HT w e l l  w i t h i n  th e  range o f  the  
normal c o n te n t  o f  p l a t e l e t s  would be c a p ab le  o f  s t i m u l a t i n g  maximum 
a c t i v i t y .  In th e  e x p e r im e n ts  a h ig h ly  abnormal  form o f  c l o t t i n g  h as  been 
employed.  F i r s t ,  t h e r e  i s  a sudden mass ive  c o n v e r s i o n  o f  f i b r i n o g e n  t o  
f i b r i n  and the  r a t e  o f  l y s i s  o f  such a c l o t  does  n o t  a f f o r d  a measure  o f  
t h a t  o f  a c l o t  p roduced  in  th e  normal p r o c e s s  o f  c o a g u l a t i o n .  F i b r i n  in  
t h e  l a t t e r  i s  formed more s low ly  and i s  t h e  more r a p i d l y  l y s e d  (Kwaan, 
McFadzesui and Cook, 1 3 ) .  . Second ly ,  th e  p l a t e l e t s  a r e  d i s p e r s e d
94
th ro u g h o u t  the c l o t  whereas  u n d e r  p a t h o l o g i c a l  c o n d i t i o n s  p l a t e l e t s  
would a g g l u t i n a t e  on th e  i n j u r e d  endo the l ium  and t h i s  would be most 
e f f i c i e n t  in  b r i n g i n g  5-HT in  c o n t a c t  w i th  th e  v e s s e l  w a l l .  T h is  second 
d e f e c t  i n  the te ch n iq u e  i s  c o r r e c t e d  by th e  i n t r o d u c t i o n  o f  r e a d i l y  
a v a i l a b l e  5-HT.
I t  has  been  shown t h a t  the a d d i t i o n  o f  h i s t a m in e  and 5-HT t o  th e  
th rom bin  s o l u t i o n  r e s u l t s  in  a v e ry  much f a s t e r  r a t e  o f  c l o t  l y s i s  th a n  
when 5-HT i s  employed a l o n e .  T h i s  i s  o f  g r e a t  importance  f o r  p l a t e l e t s  
c o n t a i n  h i s t a m i n e  as  w e l l  a s  5-HT. Humphrey and Jaq u es  (11)  found r a b b i t  
p l a t e l e t s  to  c o n t a i n  2 t o  6 .7  (mean = 3 . 5 )  ug.  p e r  10^ p l a t e l e t s .  They
conc luded  t h a t ,  i n  the  r a b b i t ,  p l a t e l e t s  c o n t r i b u t e  p r a c t i c a l l y  a l l  the  
h i s t a m in e  o f  th e  b lo o d .  S ince  i t  i s  known t h a t  c o r t i c o t r o p h i n  does  n o t  
i n h i b i t  t h e  response  t o  h i s t a m in e  the r e s u l t s  o f  Exper iment  23 e s t a b l i s h  
t h a t  the  h i s t a m in e  r e l e a s e d  from d i s i n t e g r a t i n g  p l a t e l e t s  p l a y s  no 
a p p a r e n t  p a r t  i n  th e  l y s i s  o f  thrombi  produced e x p e r i m e n t a l l y  by the  
i n j e c t i o n  o f  th rom bin .  I t  seems re a so n a b le  to  conclude  however ,  t h a t  when 
p l a t e l e t s  a g g l u t i n a t e  on an i n j u r e d  endo the l ium ,  t h e  h i s t a m in e  t h e r e  
r e l e a s e d  would e x e r t  i n f l u e n c e  and  augment th e  re sp o n se  t o  5-HT.
The paravenous  i n j e c t i o n  o f  5-HT has  been shown t o  produce
s i g n i f i c a n t l y  more r a p id  l y s i s  th a n  th e  i n t r a v e n o u s  i n j e c t i o n  o f  s i g n i f i ­
c a n t l y  l a r g e r  q u a n t i t i e s ;  c o n s e q u e n t ly ,  i t  would ap p e a r  t h a t  the  r e c e p t o r s  
a r e  more r e a d i l y  reached  by th e  fo rmer  r o u t e .  The i n h i b i t i o n  o f  mono­
amine o x id a se  i n  the  w a l l  o f  a v e i n  has been shown to  a b o l i s h  t h i s  
d i s c r e p a n c y  between in t r a v e n o u s  and paravenous  i n j e c t i o n .  Th is  i s  
c o n s i s t e n t  w i t h  the h y p o th e s i s  t h a t  5-HT from w i t h i n  the  v e in  has  t o  
t r a v e r s e  the v e i n  w a l l  t o  produce maximal s t i m u l a t i o n .  In  th e  u n t r e a t e d  
an im al  in  so  do ing  i t  i s  s u b j e c t e d  to  the i n h i b i t o r y  a c t i o n  o f  mono-amine 
o x id a s e  which r e s t r i c t s  i t s  ^ h e r e  o f  a c t i v i t y  and c o n s e q u e n t ly  the  
i n t e n s i t y  o f  th e  r e s p o n s e .  Gaddum and Hameed ( 7 ) ,  employing th e  p e r f u s e d  
v e s s e l s  o f  the  r a b b i t  e a r  in  a s tu d y  o f  s p e c i f i c  a n t a g o n i s t s  t o  5-HT, 
c onc luded  t h a t  t h e r e  were s p e c i f i c  5-HT r e c e p t o r s  in  th e  b lood  v e s s e l s  o f
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the r a b b i t  e a r  which a r e  e a s i l y  p a r a l y s e d  by LSD 25 .  The r e s u l t s  o f  the  
o b s e r v a t i o n s  employing LSD 25 i n d i c a t e  t h a t  the  same c a t e g o r y  o f  r e c e p t o r s  
i s  r e s p o n s i b l e  f o r  i n i t i a t i n g  the mechanism which r e s u l t s  in  the  d e v e lo p ­
ment o f  f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e in s  i n  re sponse  t o  5-HT. I t  f o l l o w s  
t h a t  t h e s e  r e c e p t o r s  a r e  c o n c e n t r a t e d  i n  b u t  n o t  r e s t r i c t e d  to  the  o u t e r  
a s p e c t  of  th e  v e i n  w a l l .  I t  s h o u ld  be no ted  t h a t  Gaddum and Hameed (7 )  
conc luded  t h a t  p o t e n t i a t i o n  o f  t h e  v a s o c o n s t r i c t o r  e f f e c t  o f  5-HT was 
a ch ie v e d  by the  i n h i b i t i o n  o f  mono-amine o x id a s e .
I t  has  been shown t h a t  t h e  a d m i n i s t r a t i o n  o f  c o r t i c o t r o p h i n  r e s u l t s  
i n  the  i n h i b i t i o n  o f  th e  a c t i o n  o f  5-HT given i n t r a v e n o u s l y  even  i n  
q u a n t i t i e s  a p p ro x im a te ly  80 t im e s  t h a t  p roduc ing  th e  maximum r a t e  o f  c l o t  
l y s i s  by t h i s  r o u te  i n  u n t r e a t e d  a n i m a l s .  The r e s u l t s  o f  the  o b s e r v a t i o n s  
employing S .K .F .  42 a r e  c o n s i s t e n t  w i t h  t h i s  i n h i b i t i o n  b e in g  e x e r t e d  by 
mono-amine ox id ase  in  th e  v e s s e l  w a l l .  As a c o r o l l a r y ,  s u p r a r e n a l  c o r t i c a l  
a c t i v i t y  consequen t  upon the  a d m i n i s t r a t i o n  o f  c o r t i c o t r o p h i n  must r e s u l t  
e i t h e r  in  i n c r e a s e  i n  the  c o n c e n t r a t i o n  or  enhancement o f  th e  a c t i o n  o f  
t h i s  enzyme. I t  may be concluded  t h a t  the  p e r s i s t e n c e  o f  thrombi  i n  
r a b b i t s  f o l l o w in g  o p e r a t i o n  i s  due t o  t h e  same i n h i b i t o r y  mechanism.
A c e t y l c h o l i n e ,  a d r e n a l i n e ,  n o r a d r e n a l i n e ,  p r i s c o l  and h i s t a m in e  have 
been  shown t o  s t i m u l a t e  w i t h i n  v e in s  th e  development o f  f i b r i n o l y t i c  
a c t i v i t y  o f  such  i n t e n s i t y  a s  t o  r e s u l t  i n  the  r a p i d  l y s i s  o f  c l o t t e d  
whole b lo o d .  Such s t i m u l a t i o n  r e f l e x l y  e x c i t e s  f i b r i n o l y t i c  a c t i v i t y  w i t h ­
in  o t h e r  v e i n s  o f  th e  same e a r .  The i n t r a v e n o u s  and paravenous  i n j e c t i o n  
o f  a d r e n a l i n e  were found to be e q u a l l y  e f f e c t i v e  whereas  th e  paravenous  
i n j e c t i o n  o f  n o r a d r e n a l i n e ,  a c e t y l c h o l i n e  or  o f  h i s t a m i n e ,  l i k e  5-HT, 
p roduced  s i g n i f i c a n t l y  more r a p id  l y s i s  than  th e  i n t r a v e n o u s  i n j e c t i o n .
The a c t i o n  o f  a c e t y l c h o l i n e  in  s t i m u l a t i n g  r e f l e x  a c t i v i t y  s u g g e s t s  t h a t  
i t  might have an a c t i o n  a d d i t i o n a l  to  t h a t  a s  t h e  e f f e c t o r  s u b s t a n c e , f o r  
i t  has  been shown, b o th  i n  th e  r a b b i t  and in  man, t h a t  the  l o c a l  
s t i m u l a t i o n  o f  e f f e c t o r s  i s  not  e s s e n t i a l  to  th e  r e f l e x  s t i m u l a t i o n  of  
e f f e c t o r s  in  o t h e r  v e i n s .  I t  has  been shown t h a t  i f  a c e t y l c h o l i n e  has  an
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a d d i t i o n a l  a c t i o n  i t  i s  n o t  due t o  i t s  a b i l i t y  t o  r e l e a s e  n o r a d r e n a l i n e  
f rom  v e s s e l s  in  th e  r a b b i t  e a r .  In  the l i g h t  o f  t h e  ev id e n c e  a v a i l a b l e  
i t  would appear  r e a so n a b le  t o  conclude  t h a t  t h e  s t i m u l a t i o n  o f  e f f e c t o r s  
r e f l e x l y  e x c i t e s  e f f e c t o r s  in  o t h e r  v e i n s .
The a c t i o n  o f  a d r e n a l i n e  and o f  h i s t a m in e  in  a c c e l e r a t i n g  th e  r a t e  
o f  c l o t  l y s i s ,  u n l i k e  t h a t  o f  5-HT, were not i n h i b i t e d  by c o r t i c o t r o p h i n .  
The i n h i b i t i o n  r e s u l t i n g  f rom  th e  f e e d i n g  o f  c h o l e s t e r o l  a f f e c t s  b o th  th e  
r e sp o n s e  to  5-HT and t o  a d r e n a l i n e .  As i s  t o  be e x p e c t e d ,  th e  l a t t e r ,  
t h e  weaker s t i m u l u s ,  i s  the  b e t t e r  i n h i b i t e d .  The i n h i b i t i o n  by 
c h o l e s t e r o l  a l s o  d i f f e r s  from t h a t  produced  by c o r t i c o t r o p h i n  i n  t h a t  i t  
i n v a r i a b l y  p e r m i t s  o f  o r g a n i s a t i o n  and r e c a n a l i s a t i o n  o f  th e  th rom bus .
The n a t u r e  o f  t h e  i n h i b i t i o n  by c h o l e s t e r o l  has no t  been  e s t a b l i s h e d  b u t ,  
t h u s  f a r ,  the  o n ly  c i r c u m s ta n c e  in  which the  a c t i o n  o f  a d r e n a l i n e  and o f  
5-HT have been i n h i b i t e d  has  been in  th e  p resence  o f  th e  ' a n t i f i b r i n o l y t i c *  
a c t i v i t y  o f  th e  plasma e n c o u n te r e d  in  p a t i e n t s  w i t h  p r im ary  ca rc inom a o f  
t h e  l i v e r  (C h a p te r  1 0 ) .
F ig u re  10 i s  a d iag ram m atic  p r e s e n t a t i o n  o f  an i n t e r p r e t a t i o n ,  b a s e d  
on th e  d i s c u s s i o n  in  C h ap te r  7 ,  o f  the  r e s u l t s  o f  th e  e x p e r im e n t s  
d e s c r i b e d  i n  t h i s  C h ap te r .  A r r e s t  of  t h e  a r t e r i a l  supp ly  has  been 
in c lu d e d  f o r  ease  in  p r e s e n t a t i o n  a l th o u g h  th e  e f f e c t  o f  such  on th e  
r a b b i t  has  n o t  been d e te r m in e d .  I t  has  been shown t h a t  5-HT a c t s  p r o b a b ly  
upon s p e c i f i c  r e c e p t o r s  r e a d i l y  p a r a l y s e d  by LSD 25'. In  th e  d iag ram  th e  
e x i s t e n c e  o f  s p e c i f i c  r e c e p t o r s  o f  5-HT has been  p o s t u l a t e d  t o  e x i s t  i n  
t h e  vasa  v a sorum.
REFERENCES
(1 )  B laschko ,  H. (1 9 5 2 ) .  Pharmacol .  Rev . ,  4 :4 1 5 .
( 2 )  Burn, J . H . ,  and D u t ta ,  N.K. (1 9 4 8 ) .  B r i t .  J .  P h a rm a c o l . ,  3 :3 5 4 .
( 3 )  Burn, J . H . ,  and Rand, M.J .  ( 1 9 5 8 ) .  B r i t .  med. J . ,  i : 9 0 3 .
( 4 )  Erspamer,  V. ( 1 9 5 4 ) .  Pharmacol .  R ev . ,  6 :4 2 3 .
97
(5 )  F e l lo w s ,  E . J . ,  and Bernheim, F . ( 1 9 5 0 ) .  J .  P h a rm a c o l . ,  1 0 0 :9 4 .
( 6 ) F r a n k l i n ,  K . J .  (1 9 3 7 ) .  A Monograph on V e in s .  Thomas, S p r i n g f i e l d ,  
I l l i n o i s .
(7 )  Gaddum, J . H . ,  and Hameed, K.A. (1 9 5 4 ) .  B r i t .  J .  P h a rm a c o l . ,  9 :2 4 0 .
( 8 ) G r o s s i ,  G .E . ,  C l i f f t o n ,  E . E . ,  and Cannamela , D.A. ( 1 9 5 4 ) .  Blood,  
9 :3 1 0 .
(9)  G re ig ,  H.B.W. ( 1 9 5 6 ) .  L a n c e t ,  i i : 1 6 .
(1 0 )  Haverback,  B . J . ,  D u tc h e r ,  T . F . ,  Sho re ,  P .A . ,  Tomich , E . G . ,  T e r r y ,  
L . L . ,  and  B r o d i e , B.B. ( 1 9 5 7 ) .  New England J .  M ed . , 256 :343 .
(1 1 )  Humphrey, J . H . ,  and J a q u e s ,  R. (1 9 5 4 ) .  J .  P h y s i o l . ,  124 :305 .
(12 )  K o t tegoda ,  S.R. (1 9 5 3 ) .  B r i t .  J .  P harm a co l . ,  8 :156 .
(1 3 )  Kwaan, H .C . ,  McFadzean, A . J . S . ,  and Cook, J .  ( 1 9 5 7 ) .  S c o t .  med.
J . ,  2 :1 3 7 .
(14 )  Meyl i n g , H.A. (1 9 3 6 ) .  Kon ink l .  Akad. v .  W etensch .  Amst . P r o c . ,  
39 :707 .
(15 )  N ick e r so n ,  M. (1 9 4 9 ) .  Pharmacol .  Rev. ,  1 :2 7 .
(16)  R e i s e r ,  K.A. (1 9 3 8 ) .  D t s c h .  med. W schr . ,  64 :487 .
(17)  S t o h r ,  P. (1934) .  Z. Z e l l f o r s c h . ,  21 :243 .
(1 8 )  Thompson, R .H .S . ,  and T i c k n e r ,  A. (1951) .  J .  P h y s i o l . ,  1 1 5 :3 4 .
98
Chapter 10
THE RAISON D'ETRE OF THE FIBRINOLYTIC MECHANISM IN VEINS
I t  was m a n i f e s t l y  d e s i r a b l e  t o  d e te rm in e  w h e th e r  i n h i b i t i o n  o f  the  
mechanism which  im p a r t s  f i b r i n o l y t i c  a c t i v i t y  t o  th e  p lasma o f  b lood  w i t h i n  
v e s s e l s  or the  i n h i b i t i o n  o f  the  a c t i v i t y  so p rod u ced  would r e s u l t  i n  
i n t r a v a s c u l a r  c l o t t i n g .  From the p r e c e d in g  o b s e r v a t i o n s  the  r a i s o n  d ' e t r e  
o f  the  mechanism can o n ly  be i n f e r r e d .
EXPERIMENTS ON RABBITS
Exper im en t  33
T h i s  e x p e r im e n t  was c a r r i e d  ou t  t o  d e te rm in e  w h e th e r  th e  i n h i b i t i o n  
o f  th e  r e sp o n se  o f  the  mechanism t o  5-HT by c o r t i c o t r o p h i n  would r e s u l t  i n  
a f i b r i n  thrombus form ing  w i t h i n  a v e in  f o l l o w i n g  an i n j u r y  t o  i t .
O b s e r v a t i o n s  were made on 6 r a b b i t s  g iven  c o r t i c o t r o p h i n  as  i n  
Expe r im en t  23 .  At the  end o f  48 hours  a 25 gauge hypodermic  n e e d le  was 
i n s e r t e d  i n t o  a m a rg in a l  v e in  o f  an e a r  and w i th d ra w n .
In  none o f  the  v e in s  d i d  a thrombus d e v e lo p .
Ex p e r im en t  34
T h i s  was u n d e r ta k e n  to  d e te rm in e  w he the r  s lo w in g  o f  venous  f low  p r i o r  
t o  i n j u r y  t o  t h e  ve in  would e x e r t  an i n f l u e n c e  on th e  r e sp o n s e  t o  i n j u r y .
O b s e rv a t io n s  were made on 8 r a b b i t s  g iv en  c o r t i c o t r o p h i n  a s  i n  
Expe r im en t  23,  C h a p te r  9 .  At t h e  end o f  48 hours  b l a c k  b r a i d e d  s i l k  ( 3 / 0 )  
mounted on an ' a t r a u m a t i c '  n e e d l e  was p a s s e d  th ro u g h  the  s k i n ,  a ro u n d  a 
m a rg in a l  v e in  o f  the  e a r  and t i e d ,  t h e r e b y  o b s t r u c t i n g  t h e  v e i n .  E xpe r im en t  
33 was th en  r e p e a t e d ,  th e  n e e d le  b e in g  i n s e r t e d  1 cm. p ro x im a l  i n  t h e  l i n e  
o f  venous f low  t o  t h e  l i g a t u r e .
Blood w e l l e d  from the  n e e d le  p u n c tu re  b u t  w i t h i n  90 s econds  b l e e d i n g  
c e a s e d .  In each  animal  w i t h i n  15 m in u te s  a red  b lo o d  c l o t  had formed which  
c o m p le t e ly  f i l l e d  th e  lumen o f  th e  v e in  and e x t e n d e d  from th e  l i g a t u r e  t o  
a p o i n t  a v a r i a b l e  d i s t a n c e  p ro x im a l  i n  th e  l i n e  o f  venous f lo w  t o  th e
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n e e d l e  p u n c t u r e .  In  3 i n s t a n c e s  t h e  c l o t s  l y s e d  some t ime between 12 and 
24 h o u rs  a f t e r  t h e i r  p r o d u c t i o n .  In t h e  rem ain ing  5 the  c l o t  was p r e s e n t ,  
a l t h o u g h  red u ced  in  l e n g t h  and in  2 i n s t a n c e s  f r a g m e n te d ,  24 h o u r s  a f t e r  
i t s  p r o d u c t io n  when th e  e x p e r im e n t  was t e r m i n a t e d .
To s e rv e  as  c o n t r o l  o b s e r v a t i o n s  t h e  ex p e r im e n t  was r e p e a t e d  on 6 
r a b b i t s  which were n o t  g iven  c o r t i c o t r o p h i n .  In  a l l  6 r a b b i t s  b lo o d  w e l l e d  
f rom th e  n e e d le  p u n c tu re  and ,  a s  i n  t h e  e x p e r i m e n t a l  g ro u p ,  b l e e d i n g  c e a sed  
w i t h i n  90 se co n d s .  In  none o f  t h e  r a b b i t s  d i d  a thrombus form
Experiment  35
Experim ent  34 was r e p e a t e d  on 4 r a b b i t s  g iv e n  r e s e r p i n e  a s  in  
Experiment  3, C h ap te r  9 .  In each  an im al  a r ed  b lo o d  c l o t  formed a s  in  
Exper im ent  34 .  In one i n s t a n c e  th e  c l o t  ly se d  20 hours  l a t e r  whereas  in  
ea ch  o f  th e  rem ain ing  3 i t  p e r s i s t e d  f o r  24 h o u r s  when th e  ex p e r im e n t  was 
t e r m i n a t e d
Experim ent  36
O b s e r v a t i o n s  were made on 4 r a b b i t s .  A segment o f  v e in  was a t r o p i n i s e d  
as  i n  Exper iment  19, C h ap te r  9 .  Before  r e l e a s e  o f  t h e  c lamps th e  end  o f  th e  
segment o f  v e in  d i s t a l  i n  t h e  l i n e  o f  venous f lo w  was l i g a t e d  a s  i n  
Experim ent  34.
In each  r a b b i t  a thrombus  formed which e x te n d e d  f rom  th e  l i g a t u r e  t o  
t h e  n e e d le  p u n c tu r e  b u t  n o t  above i t . The c l o t s  l y s e d  i n  a l l  a n im a l s  some 
t im e  between 6 and 17 h o u rs  a f t e r  t h e i r  p r o d u c t i o n .
OBSERVATIONS ON MAN
S in ce  th e  f i r s t  r e p o r t  by C o s g r i f f  and h i s  c o l l e a g u e s  (2 ,  3)  th e  
p o s s i b i l i t y  o f  thrombo-embolic  phenomena o c c u r r i n g  a s  a c o m p l i c a t i o n  o f  
c o r t i c o t r o p h i n  t h e r a p y  has  been  r e c o g n i s e d .  I t  i s  a l s o  c o n s i d e r e d  p o s s i b l e  
t h a t  c o r t i c o t r o p h i n  t h e r a p y  in  p a t i e n t s  w i t h  c i r r h o s i s  o f  th e  l i v e r  may 
provoke th rom bos is  o f  t h e  p o r t a l  v e in  ( 4 ,  8 ) .  I t  has  been  shown t h a t  such  
t r e a t m e n t ,  and a l s o  s u r g i c a l  o p e r a t i o n s ,  n o t a b l y  sp le n e c to m y ,  cause  th e
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d i s a p p e a r a n c e  o f  th e  i n c r e a s e d  plasma f i b r i n o l y t i c  a c t i v i t y  e n c o u n t e r e d  
i n  t h e  b lood  o f  p a t i e n t s  w i t h  c i r r h o s i s  o f  the  l i v e r  ( 8 , 9 ) .  I t  i s  
im p o s s ib le  t o  draw c o n c l u s io n  s in c e  t h e  d i s e a s e s  f o r  which th e  t r e a t m e n t  
i s  g iven  may g i v e  r i s e  t o  i n t r a v a s c u l a r  t h r o m b o s i s .
No o p p o r t u n i t y  has  a r i s e n  of  making a h i s t o l o g i c a l  s tu d y  of  s k i n  
p u n c tu r e  wounds in  p a t i e n t s  r e c e i v i n g  t r e a t m e n t  w i t h  c o r t i c o t r o p h i n .  In  
the  c o u r se  o f  o b s e r v a t i o n s  on t h e  i n c r e a s e d  sp o n ta n e o u s  f i b r i n o l y t i c  
a c t i v i t y  o f  t h e  plasma e n c o u n t e r e d  in  c i r r h o s i s  o f  t h e  l i v e r  i t  was found  
t h a t  t h i s  a c t i v i t y  d i s a p p e a r e d  f o l l o w i n g  the  development  o f  h e p a t o c a r c i n o m a , 
I t  i s  w e l l  r e c o g n i s e d  t h a t  venous t h ro m b o s i s ,  n o t a b l y  o f  s u b c u ta n e o u s  v e i n s ,  
o c c u r s  in  many forms o f  ca rc inom a bu t  a s e a r c h  o f  t h e  l i t e r a t u r e  f a i l e d  t o  
r e v e a l  a r e p o r t  o f  i t s  o c c u r r e n c e  i n  h e p a to c a r c in o m a .  However, i n  a s e r i e s  
o f  250 p a t i e n t s  s u f f e r i n g  from hep a to ca rc in o m a  McFadzean (13 )  fo u n d  i t  t o  
be p r e s e n t  i n  28 ,  an i n c id e n c e  o f  11%. In none o f  t h e s e  p a t i e n t s  was t h e r e  
d em o n s t r a b le  a b n o r m a l i t y  in  c l o t t i n g .  An i n v e s t i g a t i o n  o f  the f i b r i n o l y t i c  
mechanism m a n i f e s t l y  was i n d i c a t e d .
MATERIAL AND ADDITIONAL METHODS
O b s e rv a t io n s  were made on p a t i e n t s  w i th  u n c o m p l ic a te d  c i r r h o s i s  o f  
the  l i v e r  and on p a t i e n t s  w i t h  c i r r h o s i s  o f  the  l i v e r  c o m p l i c a t e d  by the 
development o f  h ep a to c a rc in o m a .  The d i a g n o s i s  i n  each  group was e s t a b l i s h e d  
by a s p i r a t i o n  n e ed le  b io p sy  and ,  i n  t h e  l a t t e r ,  c o n f i rm e d  a t  a u t o p s y .  The 
h e a l t h y  c o n t r o l s  were v o l u n t e e r  m ed ica l  s t u d e n t s  and members o f  t h e  s t a f f .
A d r e n a l in e  t e s t
A d r e n a l i n e ,  0 .5  ml.  o f  a 1 /1000 s o l u t i o n  was i n j e c t e d  s u b c u ta n e o u s l y  
i n  th e  t h i g h  and the  f i b r i n o l y t i c  a c t i v i t y  o f  a specimen o f  b lo o d  o b t a i n e d  
20 m in u te s  l a t e r  from an a n t e c u b i t a l  v e in  d e t e r m in e d .
' A n t i f i b r i n o l y t i c ' a c t i v i t y th eO b s e rv a t io n s  were made w i t h  p lasm a ,  serum an d /a lb u m in  f r a c t i o n  o f  
p la sm a .  The albumin f r a c t i o n  was p r e p a r e d  from p lasm a by the  method o f
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M acfa r lan e  and P i l l i n g  ( 1 2 ) ;  the  pH o f  t h e  f i n a l  s o l u t i o n  b e in g  a d j u s t e d  
t o  7 . 4 .  Plasma w i th  h ig h  f i b r i n o l y t i c  a c t i v i t y  was o b t a i n e d  f rom  h e a l t h y  
s u b j e c t s  f o l l o w i n g  th e  pa ravenous  i n j e c t i o n  o f  a d r e n a l i n e  o r  o f  5-HT. To 
5 t u b e s  were added 0 . 1  ml,  o f  t h i s  a c t i v e  plasma and such volume o f  the  
f r a c t i o n  under  t e s t  a s  t o  y i e l d  r a t i o s  o f  t e s t  f r a c t i o n - f i b r i n o l y t i c  plasma 
o f  1 / 1 ,  1 /2 ,  1 / 5 ,  1 /1 0 ,  1 /2 0 .  A s i x t h  tu b e  c o n t a i n i n g  0 . 1  ml.  o f  
f i b r i n o l y t i c  p lasma s e r v e d  as  c o n t r o l .  To each  tube  s u f f i c i e n t  v e r o n a l -  
a c e t a t e  b u f f e r e d  s a l i n e ,  pH 7 . 4 ,  was added to  b r i n g  the  f i n a l  d i l u t i o n  o f  
f i b r i n o l y t i c  p lasma t o  1 /2 5 .  The tu b e s  were th e n  c l o t t e d  w i th  th rom bin  
and o b se rv ed  a t  h o u r ly  i n t e r v a l s  f o r  l y s i s .  The r e s u l t s  a r e  e x p r e s s e d  a s  
the p e r c e n ta g e  r e d u c t i o n  i n  f i b r i n o l y t i c  a c t i v i t y  o f  the  a c t i v e  p lasma a t  
e a c h  d i l u t i o n .
P la sm in  and a n t i p l a s m i n  a c t i v i t y
C h l o r o f o r m - a c t i v a t e d  p la sm in  was p r e p a r e d  by th e  method o f  Rocha e 
S i l v a  and Rimington (1 6 )  as  m o d i f i e d  by B idw el l  ( 1 ) .  A n t i p l a s m i n  a c t i v i t y  
was d e te rm in e d  by a dd ing  0 ,2  ml ,  o f  p lasma under  t e s t  t o  v a r y in g  amounts 
o f  p l a s m in ;  s a l i n e  b u f f e r e d  to  pH 7 . 4  b e i n g  added to  b r i n g  th e  volume to  
5 ,0  m l .  The m ix tu re  was th en  c l o t t e d  w i t h  thrombin and i n c u b a t e d  a t  3 7 %  
and th e  l y s i s  t im e s  d e t e r m in e d .
' A n t i f i b r i n o l y t i c '  a c t i v i t y  o f  t i s s u e
A specimen o f  tumour was o b t a i n e d  from each  o f '2  p a t i e n t s  w i th
h e p a to ca rc in o m a  w i t h i n  an hour  o f  d e a th :  specimens  o f  2 a p p a r e n t l y  normal
l i v e r s  s i m i l a r l y  o b t a i n e d  were u sed  as  c o n t r o l s .  Each specimen was f i n e l y
minced and e x t r a c t e d  by t h e  a d d i t i o n  o f  10 t im es  i t s  w e ig h t  o f  s a l i n e  
b u f f e r e d  t o  pH 7 . 4 ,  c e n t r i f u g e d  and t h e  s u p e r n a t a n t  employed to  d e te rm in e  
’a n t i f i b r i n o l y t i c *  a c t i v i t y  as  d e s c r i b e d  above.
RESULTS
Spontaneous  F i b r i n o l y t i c  A c t i v i t y  and F ib r i n o g e n  l e v e l s
The sp on taneous  f i b r i n o l y t i c  a c t i v i t y  and the  f i b r i n o g e n  l e v e l s
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e n c o u n te r e d  in  35 p a t i e n t s  w i th  h e p a to c a r c in o m a , i n  60 h e a l t h y  c o n t r o l s  
and  i n  60 c o n t r o l  p a t i e n t s  w i th  c i r r h o s i s  o f  t h e  l i v e r  a r e  s e t  o u t  i n  
T a b le  XXXVI. There  was no d i f f e r e n c e  between t h e  f i b r i n o l y t i c  a c t i v i t y  
in  t h e  p a t i e n t s  w i th  h ep a to ca rc in o m a  and t h a t  i n  t h e  h e a l t h y  c o n t r o l s .
The f i b r i n o l y t i c  a c t i v i t y  i n  t h e  c o n t r o l s  w i th  c i r r h o s i s  o f  t h e  l i v e r  was 
s i g n i f i c a n t l y  g r e a t e r  t h a n  in  e i t h e r  o f  the  o t h e r  two g r o u p s .
Tab le  XXXVI
F ib r in o g e n  l e v e l  and plasma f i b r i n o l y t i c  a c t i v i t y  i n  p a t i e n t s  
w i th  hepa toca rc inom a  and in  each  o f  th e  c o n t r o l  groups  
The r e s u l t s  a r e  e x p r e s s e d  a s  Means -  S.E.M.
S u b j e c t s No. F ib r in o g e n  (mg. p e r  1 0 0 ml.)
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n t a g e  o f  
f i b r i n  l y s e d  p e r  h o u r )
C i r r h o s i s  o f  l i v e r 60
H e a l th y 60
Hepatocarc inoma 35
253 -  9 . 6  
(P = < 0 . 0 5 > 0 . 0 2 )  
284 i  9 . 6  
-  (P = <  0 .0 0 1 )  —  
450 -  19 .3
9 . 4  -  1 .1
  (P  = < 0 . 0 0 1 )  ---------------
0 .5  i  0 . 0 4  
(No s i g n i f i c a n t  d i f f e r e n c e ) — 
0 .5  -  0 .0 6
The f i b r i n o g e n  l e v e l  i n  t h e  p a t i e n t s  w i th  h e p a to c a rc in o m a  was h i g h e r  
t h a n  t h a t  i n  t h e  h e a l t h y  c o n t r o l s  which in  t u r n  was h i g h e r  t h a n  t h a t  i n  th e  
c o n t r o l s  w i t h  c i r r h o s i s  o f  the  l i v e r .
Response t o  A d ren a l in e
The r e sp o n s e  t o  the  su bcu ta neous  i n j e c t i o n  o f  a d r e n a l i n e  ( 0 .5  ml .  o f  
o f  1/1000  s o l u t i o n )  in  20 p a t i e n t s  w i th  h e p a to c a rc in o m a  i n  8 h e a l t h y  
c o n t r o l s  and i n  17 c o n t r o l s  w i th  c i r r h o s i s  o f  th e  l i v e r  a r e  s e t  ou t  i n  
T ab le  XXXVII. No s i g n i f i c a n t  change in  f i b r i n o l y t i c  a c t i v i t y  f o l l o w e d  the  
i n j e c t i o n  o f  a d r e n a l i n e  in  t h e  p a t i e n t s  w i t h  h ep a to c a rc in o m a  w hereas  
s i g n i f i c a n t  i n c r e a s e s  were e n c o u n te r e d  i n  b o th  c o n t r o l  g ro u p s .  The i n c r e a s e  
in  t h e  c o n t r o l s  w i th  c i r r h o s i s  o f  the  l i v e r  was s i g n i f i c a n t l y  g r e a t e r  th an  
i n  t h e  h e a l t h y  c o n t r o l s .
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Table XXXVII
Plasma f i b r i n o l y t i c  a c t i v i t y  induced  by a d r e n a l i n e  in  p a t i e n t s  
w i th  h ep a to ca rc in o m a  and in  each  o f  t h e  c o n t r o l  groups 
The r e s u l t s  a r e  e x p r e s s e d  a s  Means -  S.E.M.
S u b j e c t s No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  l y s e d  p e r  h o u r )
Spontaneous
20  m inu tes  
a f t e r  
a d r e n a l i n e
Increm ent
H ea l thy 8 0 .3  -  0 .0 8
(P = <(
3 .8  -  0 . 8  
3 .001)
3 .6  -  0 . 8
 ^T> — A A 1 ^
C i r r h o s i s  
of 1 ive  r 17 4 .1  -  0 . 9(P = < (
3 4 . 8  -  5 . 0  
3.001)
V.r X V .U U l /
3 0 .8  -  3 .9
Hepatocarc inoma 20 0 . 4  -  0 . 8  
(No s i g n i f i c a i
0 .6  -  0 . 9  
nt d i f f e r e n c e )
-
Response t o  Ischaem ia
The response  to  i schaemia  (Exper im ent  1, C h ap te r  3)  i n  20 p a t i e n t s  
w i t h  h epa toca rc inom a in  20 h e a l t h y  c o n t r o l s  and i n  35 c o n t r o l  p a t i e n t s  w i t h
T ab le  XXXVIII
Plasma f i b r i n o l y t i c  a c t i v i t y  induced  by i s ch a em ia  i n  p a t i e n t s  
w i th  hepa toca rc inom a  and in  eac h  o f  th e  c o n t r o l  g roups  
The r e s u l t s  a r e  e x p r e s s e d  as  Means -  S.E .M.
S u b j e c t s No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f f b r i n  l y s e d  p e r  h o u r )
Spontaneous F o l lo w in gisc h a e m ia In c rem en t
H e a l th y 20 0 .5  -  0 .0 5
(P = < (
15 .8  -  2 . 5  
) . 0 0 1 )
15 .3  -  2 . 8  
(No s i g n i f i c a n t  ,
C i r r h o s i s  
o f  l i v e r 35 6 .4  — 0 .8(P = <C
2 4 .6  -  2 . 0  
) . 001 )
d i f f e r e n c e ) 
18 .2  1 2 . 0
H epatocarcinoma 20 0 . 4  -  0 .0 6  
(No s i g n i f i c a i
0 .6  -  0 .1
i t  d i f f e r e n c e )
-
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c i r r h o s i s  o f  the  l i v e r  a r e  s e t  ou t  i n  Table  XXXVIII. No s i g n i f i c a n t  change 
i n  f i b r i n o l y t i c  a c t i v i t y  was e n c o u n te r e d  in  t h e  p a t i e n t  w i t h  h ep a to ca rc in o m a  
whereas  an i n c r e a s e  o c c u r r e d  in  each  o f  th e  c o n t r o l  g ro u p s .  No d i f f e r e n c e  
emerges  on compar ison  o f  t h e  in c re m e n ts  e n c o u n te r e d  i n  each  o f  t h e  c o n t r o l  
g r o u p s .
B efo re  and a f t e r  Development o f  Hepatocarcinoma
Four p a t i e n t s  have been i n v e s t i g a t e d  b e f o r e  and a f t e r  development  
o f  the  hep a to ca rc in o m a  (Table  XXXIX). P r i o r  t o  th e  deve lopm ent  o f  th e  
tumour i n c r e a s e d  s p o n tan e o u s  f i b r i n o l y t i c  a c t i v i t y  was e n c o u n t e r e d  in  a l l  
f o u r  and t h e r e  was s i g n i f i c a n t  r e sp o n s e  t o  a d r e n a l i n e  and f o l l o w i n g  
i s c h a e m ia .  A f t e r  development  o f  t h e  carc inoma sp o n tan e o u s  f i b r i n o l y t i c  
a c t i v i t y  was w i t h i n  normal l i m i t s  and t h e  r e sp o n se  t o  a d r e n a l i n e  and 
f o l l o w i n g  i schaem ia  were a b o l i s h e d .
Response t o  Paravenous  S t im u l i
The r e s p o n s e s  t o  t h e  paravenous  i n j e c t i o n  o f  a d r e n a l i n e  ( 1 0 / a g . )  and 
o f  5-HT iClyug.) each  in  5 p a t i e n t s  w i t h  h ep a to ca rc in o m a  ( C h a p t e r s  4 and 5)  
a r e  s e t  ou t  in  T a b le  XL.' A lso  s e t  o u t  in  t h i s  t a b l e  a r e  th e  f i n d i n g s  i n
T ab le  XL
Plasma f i b r i n o l y t i c  a c t i v i t y  f o l l o w in g  th e  pa rav en o u s  
i n j e c t i o n  o f  a d r e n a l i n e  and 5-HT i n  p a t i e n t s  w i t h  
hepa toca rc inom a  and in  h e a l t h y  c o n t r o l s  
The r e s u l t s  a r e  e x p r e s s e d  as  Meàn t  S.E.M.
P a t i e n t s  w i t h  h ep a toca rc inom a H e a l th y  C o n t r o l s
S t im u lus
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e rc e n ta g e  o f  f i b r i n  
l y s e d  p e r  h o u r )
No.
Plasma f i b r i n o l y t i c  a c t i v i t y  
( P e r c e n ta g e  o f  f i b r i n  
l y s e d  p e r  h o u r )
A d re n a l in e  
( 10/ u g . ) 5 3 .3  -  0 .7 20 11 .0  -  0 .9
5-HT
( i / j g j 5 6 .7  -  0 . 5 5 2 6 .5  -  3 .9
lOO
80
o È
s <ÛCü
60
40
i l
S S
ÜJ  U.
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DILUTION
o -------- o  PLA SM A
• -------- •  SERUM
X............ X ALBUMIN FRACTION
A -------- A NORM AL PLASM A
F ig u re  9 .  Mean •a n t i f i b r i n o l y t i c * a c t i v i t y  o f  th e  p la sm a ,  o f  serum and 
o f  t h e  a lbum in  f r a c t i o n  o f  p lasma f rom  12 p a t i e n t s  w i t h  h e p a to c a r c in o m a  
t o g e t h e r  w i t h  t h e  mean ' a n t i f i b r i n o l y t i c '  a c t i v i t y  o f  th e  p lasma
f ro m  5 h e a l t h y  c o n t r o l s .
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h e a l t h y  C o n t r o l s . F i b r i n o l y t i c  a c t i v i t y  was induced  i n  th e  5 p a t i e n t s  
but t h e  i n t e n s i t y  was s i g n i f i c a n t l y  lower th a n  in  h e a l t h y  c o n t r o l s  
(P = ^ 0 . 0 0 1  in  each  c a s e ) .
' A n t i f i b r i n o l y t i c *  A c t i v i t y
The r e s u l t s  o f  t h e  i n v e s t i g a t i o n  o f  t h e  ' a n t i f i b r i n o l y t i c *  a c t i v i t y  
o f  p lasma,  o f  serum and o f  t h e  a lbum in  f r a c t i o n  o f  t h e  plasma from 10 
p a t i e n t s  w i t h  hep a to ca rc in o m a  t o g e t h e r  w i th  th e  a c t i v i t y  o f  p lasma f rom  5 
h e a l t h y  c o n t r o l s  a r e  s e t  ou t  i n  T a b le  XLI and d e p i c t e d  g r a p h i c a l l y  i n  tV'' 
Figure  9 .  While normal  plasma was p o s s i b l y  p o s s e s s e d  o f  some i n h i b i t o r y  
e f f e c t  t h i s  was h i g h l y  s i g n i f i c a n t l y  l e s s  th a n  t h a t  e x e r t e d  by th e  p lasma
Tab le  XLI
' A n t i f i b r i n o l y t i c ' a c t i v i t y  o f  p lasm a,  serum and  albumin  f r a c t i o n  
o f  p lasma in  10 p a t i e n t s  w i t h  h e p a to c a rc in o m a .  The ' a n t i f i b r i n o l y t i c *  
a c t i v i t y  o f  the  plasma in  5 h e a l t h y  c o n t r o l s  i s  i n c l u d e d
Mean p e rc e n ta g e  r e d u c t i o n  i n  f i b r i n o l y t i c  a c t i v i t y  -  S .E . l
R a t io  o f  f i b r i n o l y t i c  p l a s m a / T e s t  f r a c t i o n
F r a c t i o n 1 /1 2 /1 5/1 10 /1 2 0 /1
Plasma 90 1 3 83 i  5 63 ± 9 44 t  10 3 0 - 8
Serum 91 -  4 8 3 - 5 7 4 - 6 43 -  9 27 -  7
Albumin 92 -  4 9 1 - 5 74 r  9 55 -  12 43 -  11
Normal
Plasma 32 -  4 2 4 - 4 9 - 5 - -
f rom the  p a t i e n t s  w i t h  h e p a to c a rc in o m a .  A l l  3 f r a c t i o n s  o f  t h e  p a t i e n t s *  
b lo o d  were p o s s e s s e d  o f  *a n t i f i b r i n o l y t i c  * a c t i v i t y  even in  t h e  h i g h e s t  
d i l u t i o n  ( 1 / 2 0 ) .  There  i s  no s i g n i f i c a n t  d i f f e r e n c e  on com par ison  o f  th e  
a c t i v i t y  o f  i n d i v i d u a l  f r a c t i o n s  a t  each  d i l u t i o n  employed.  With eac h  
f r a c t i o n  t h e  i n h i b i t i o n  e x e r t e d  was c o n s i s t e n t  w i th  i t s b e i n g  a f u n c t i o n  o f  
th e  c o n c e n t r a t i o n  o f  th e  i n h i b i t o r y  s u b s t a n c e .
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A n t ip la s m in  A c t i v i t y
The a n t i p l a s m i n  a c t i v i t y  o f  3 specimens o f  p lasma each  showing 
marked *a n t i f i b r i n o l y t i c ’ a c t i v i t y  and o f  3 specimens  from h e a l t h y  c o n t r o l s  
were d e te rm in e d .  There  was no s i g n i f i c a n t  d i f f e r e n c e  between th e  two g roups
*A n t i f i b r i n o l y t i c  * A c t i v i t y  o f  the  Tumour
The r e s u l t s  a r e  s e t  o u t  in  T ab le  XLII .  In  each  c ase  the  s a l i n e  
e x t r a c t  o f  th e  tumour e x e r t e d  s i g n i f i c a n t l y  g r e a t e r  e f f e c t  th a n  t h a t  o f  
normal l i v e r .
T ab le  XLII
' A n t i f i b r i n o l y t i c *  a c t i v i t y  o f  a b u f f e r e d  s a l i n e  e x t r a c t  
o f  p r im ary  hepa toca rc inom a and o f  a normal l i v e r
P e rce n ta g e  o f  f i b r i n  l y s e d  p e r  hour
R a t io  o f  f i b r i n o l y t i c  p lasma t o  i n h i b i t o r
Source o f  i n h i b i t o r 1 /0 1 /1 2 /1 5 /1 10 /1 20/1
H epatocarc  inoma 1 11 .1 0 0 0 5 .0 5 .0
2 16.7 0 0 0 5 .0 5 .0
Normal l i v e r 1 2 5 .0 16.7 16.7 2 5 .0 2 5 .0 2 5 .0
2 11 .1 8 .3 8 .3 1 0 .0 1 1 .1 11 .0
O ther  M alignant  Tumours
The re sp o n se  t o  a d r e n a l i n e  and f o l lo w in g  i s ch a e m ia  were d e te rm in e d  in  
19 p a t i e n t s  w i th  v a r i o u s  m a l ig n a n t  tumours  d e t a i l s  o f  which a r e  s e t  o u t  i n  
Tab le  X L II I .  Both r e s p o n s e s  were a b o l i s h e d  i n  8 o f  t h e  19 p a t i e n t s . >
S ix  o f  th e  19 had m é t a s t a s é s  i n  the  l i v e r  and i n  3 o f  th e s e  b o th  r e s p o n s e s  
were a b o l i s h e d .
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T a b le  XLIII
Plasma f i b r i n o l y t i c  a c t i v i t y  in  r e sp o n se  to  a d r e n a l i n e  
and t o  i schaem ia  i n  o t h e r  m a l ig n a n t  tumours
Tumour
M é ta s t a s é s  to  l i v e r Response t o  a d r e n a l i n e  and  i sch a em ia
With W ithout I n h i b i t e d n o ti n h i b i t e d
Bronchogenic  carc inoma 1 5 1
1
4
Carcinoma o f  stomach 4 2
3 1
2
Carcinoma o f  co lo n 1 1 1
1
Sarcoma 2 1 1
Lymphosa rc oma 3 2 1
Comment
The e x p e r im e n t s  on r a b b i t s  e s t a b l i s h  t h a t  th e  i n h i b i t i o n  o f  th e  
resp o n se  o f  v e in s  to  5-HT, t h e  removal o f  5-HT from p l a t e l e t s  and th e  
i n h i b i t i o n  by a t r o p i n e  o f  t h e  mechanism which im p a r t s  f i b r i n o l y t i c  a c t i v i t y  
t o  plasma r e s u l t s  in  th e  f o rm a t io n  o f  red  b lood  c l o t  w i t h i n  v e i n s  in  
c i r c u m s ta n c e s  w hich ,  i n  t h e  normal u n t r e a t e d  r a b b i t ,  would r e s u l t  i n  a 
l o c a l  p l a t e l e t  thrombus o n l y .  The su b seq u en t  l y s i s  w i t h i n  24 h o u rs  o f  3 
o f  th e  8 thrombi  i n  Exper iment  34 s u g g e s t s ,  f o r  t h e  r e a s o n s  advanced  in  
C h ap te r  10, t h a t  h i s t a m i n e , t h e  a c t i o n  o f  which i s  n o t  i n h i b i t e d  by c o r t i -  
c o t ro p h in ,m a y  w e l l  be r e s p o n s i b l e .
The o b s e r v a t i o n s  on p a t i e n t s  show t h a t  t h e r e  d e v e lo p s  in  th e  a lbum in  
f a c t i o n  of  the plasma o f  p a t i e n t s  w i th  h ep a to c a rc in o m a  a f a c t o r ,  the  
a d d i t i o n  o f  which t o  plasma showing sp o n tan e o u s  f i b r i n o l y t i c  a c t i v i t y ,  t h a t  
i s  w i th  in c r e a s e d  c o n t e n t  o f  a c t i v a t o r ,  r e s u l t s  in  i n h i b i t i o n  o f  t h a t
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a c t i v i t y .  T h is  i s  in  c o n t r a s t  t o  normal  p lasma which under  th e se  
c i r c u m s ta n c e s ,  as  f i r s t  r e p o r t e d  by B idwell  ( 1 ) ,  p o s s e s s e s  l i t t l e  i n h i b i t o r y  
e f f e c t . S ince  the  p lasma of  p a t i e n t s  w i th  h ep a to c a rc in o m a  does  n o t  d i f f e r  
from normal plasma in  i n h i b i t i n g  p la sm in  i t  may be co n c lu d ed  t h a t  the  f a c t o r  
p ro b ab ly  i n h i b i t s  th e  a c t i v a t o r  p r e s e n t  i n  th e  f i b r i n o l y t i c  p lasma t h e r e b y  
p r e v e n t i n g  the c o n v e r s io n  o f  p lasm inogen  t o  p la sm in  d u r in g  c l o t t i n g .  The 
appearance  o f  t h i s  i n h i b i t o r  w i th  t h e  development  o f  h ep a to ca rc in o m a  may be 
c o n s id e re d  r e s p o n s i b l e  f o r  th e  d i s a p p e a ra n c e  o f  the sp o n tan e o u s  f i b r i n o l y t i c  
a c t i v i t y  e n c o u n te r e d  in  u n co m p l ic a ted  c i r r h o s i s  o f  t h e  l i v e r .  I t  has  been  
shown t h a t  the  paravenous  i n j e c t i o n  o f  a d r e n a l i n e  and o f  5-HT w i l l  s t i l l  
induce f i b r i n o l y t i c  a c t i v i t y  o f  th e  plasma w i t h i n  the  segment o f  v e i n  
employed a l th o u g h  the  i n t e n s i t y  o f  t h i s  a c t i v i t y  i s  s i g n i f i c a n t l y  l e s s  th an  
in  h e a l t h y  c o n t r o l s .  In t h e s e  c i r c u m s ta n c e s  th e  amount o f  a c t i v a t o r  
p roduced must be g r e a t e r  th an  the  l i m i t e d  q u a n t i t y  o f  i n h i b i t o r  p r e s e n t  in  
the  plasma w i t h i n  th e  segment o f  v e i n .  I t  would seem r e a s o n a b l e  t o  s u g g e s t  
t h a t  the  a p p a r e n t  f a i l u r e  o f  p a t i e n t s  w i th  h ep a to ca rc in o m a  t o  r e sp o n d  t o  
i schaem ia  and to  th e  i n t r a m u s c u l a r  i n j e c t i o n  o f  a d r e n a l i n e  i s  n o t  a f a i l u r e  
o f  e i t h e r  o f  th e se  s t i m u l i  t o  produce r e sp o n se  bu t  i s  due t o  th e  i n h i b i t o r  
n u l l i f y i n g  the  e x p r e s s i o n  of  t h a t  r e s p o n s e ,  namely the  u l t i m a t e  development  
o f  f i b r i n o l y t i c  a c t i v i t y .  In  o t h e r  words p r o a c t i v a t o r  i s  p r o b a b ly  c o n v e r t e d  
to  a c t i v a t o r  which however i s  i n h i b i t e d .
Although an i n h i b i t o r  o f  a c t i v a t o r  s i m i l a r  t o  t h a t  o c c u r r i n g  i n  
h ep a toca rc inom a can n o t  be d e m o n s t r a t ed  in  s i g n i f i c a n t  q u a n t i t y  i n  normal 
p lasma i t  has  been e n c o u n te r e d  in  h ig h  c o n c e n t r a t i o n  i n  the  p lasm a o f  b lo o d  
o b ta in e d  a t  laparo tomy f rom  the  s p l e n i c  v e in  o f  a p p a r e n t l y  normal  s p l e e n s  ( 7 ) 
T h is  i s  n o t  th e  o n ly  source  o f  such a c t i v i t y  f o r  Kwaan, Lo and McFadzean ( 6 ) ,  
e x t e n d in g  o b s e r v a t i o n s  on p a t i e n t s  w i t h  i n c r e a s e d  sp o n ta n e o u s  p lasma 
f i b r i n o l y t i c  a c t i v i t y  p r e v i o u s l y  r e p o r t e d  (9 )  have found  t h a t  i n  th e  r e s p o n s e  
t o  a d r e n a l i n e  th e  f i b r i n o l y t i c  a c t i v i t y  o f  spec im ens  o f  b lo o d  o b t a i n e d  f rom 
th e  h e p a t i c  v e in s  was s i g n i f i c a n t l y  lower t h a n  t h a t  o f  spec imens  o b t a i n e d  
e i t h e r  from the  i n f e r i o r  vena cava below th e  in f lo w  o f  the  h e p a t i c  v e i n s  o r
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f rom the  s u p e r i o r  vena c a v a .  Th is  t h e y  found t o  h o ld  in  the  s p le n e c to m is e d  
s u b j e c t .  I t  would appear  t h e r e f o r e  t h a t  the  l i v e r  e x e r t s  a n t i f i b r i n o l y t i c  
a c t i v i t y .  Although i t s  mode o f  so do ing  i s  unknown i t  may w e l l  be by th e  
p ro d u c t io n  o f  a n t i a c t i v a t o r .  I t  sh o u ld  be n o te d  t h a t  M acfa r lan e  and Biggs
( 1 1 ) in  an i n v e s t i g a t i o n  o f  the  *a n t i f i b r i n o l y t i c ' a c t i v i t y  o f  e x t r a c t s  o f  
v a r io u s  o rgans found  the  h i g h e s t  a c t i v i t y  in  t h o s e  o f  l i v e r  and  s p l e e n .
There  i s  e x p e r im e n ta l  ev id en ce  t h a t  th e  l i v e r  e x e r t s  a n t i f i b r i n o l y t i c  
a c t i v i t y ,  f o r  example , N o l f  (15)  d e s c r i b e d  th e  o c c u r re n c e  o f  i n t e n s e  
f i b r i n o l y t i c  a c t i v i t y  in  t h e  h e p a tec to m ise d  dog f o l l o w i n g  t h e  i n j e c t i o n  o f  
p e p to n e .  However i f  the  l i v e r  was o n ly  t e m p o r a r i l y  ex c lu d e d  f rom  the  
g e n e r a l  c i r c u l a t i o n  the  p e p to n e - in d u c e d  f i b r i n o l y s i s  was i n h i b i t e d  once th e  
c i r c u l a t i o n  th rough  th e  l i v e r  was r e s t o r e d .
The source  o f  th e  a n t i a c t i v a t o r  in  hepa toca rc inom a  has  n o t  been 
d e te rm in e d .  I t  must e i t h e r  d ev e lo p  in  re sp o n se  t o  th e  carc inoma or  be 
d e r i v e d  from i t .  I f  i t  i s  th e  fo rm er  th e n  th e  most l i k e l y  o r i g i n  i s  t h e  
r e s i d u a l  l i v e r  t i s s u e .  The c o u r se  o f  th e  d i s e a s e  r e s u l t s  i n  a p r o g r e s s i v e  
r e d u c t i o n  in  l i v e r  t i s s u e  y e t  the  on ly  change e n c o u n te r e d  has  been  an 
i n c r e a s e  i n  the a n t i - a c t i v a t o r  a c t i v i t y .  I t  i s  p o s s i b l e  t h e r e f o r e  t h a t  
th e  sou rce  i s  the  carcinoma i t s e l f .  The f i n d i n g  t h a t  a s a l i n e  e x t r a c t  o f  
the  tumour i s  p o s se s se d  o f  a n t i a c t i v a t o r  a c t i v i t y  s i g n i f i c a n t l y  g r e a t e r  
than  normal  l i v e r  t i s s u e  i s  c o n s i s t e n t  w i th  the  source  b e in g  th e  tumour.
While in  a c i r r h o t i c  p a t i e n t  o t h e r  c o m p l i c a t io n s  may r e s u l t  i n  th e  
temporary  d i sa p p e a ra n c e  o f  spon taneous  f i b r i n o l y t i c  a c t i v i t y  from the  
plasma (9)  none o f  th e s e  i n h i b i t  t h e  response  t o  a d r e n a l i n e  o r  to  i s c h a e m ia .  
In such  p a t i e n t s  t h e  absence  o f  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  o f  the  
plasma coup led  w i th  a f a i l u r e  to  re spond  to  a d r e n a l i n e  and to  i s c h a e m ia  
th u s  f a r  has  proved d i a g n o s t i c  of  hepa toca rc inom a  and has  been e n c o u n t e r e d  
even in  th e  e a r l y  phase o f  development o f  the  tum our .  In so  f a r  a s  o t h e r  
forms o f  m a l ig n a n t  tumours a r e  concerned  our  o b s e r v a t i o n s  a r e  in co m p le te  
and  c o n c lu s io n s  may no t  be drawn. The r e s u l t s  however i n d i c a t e  t h a t  o t h e r  
forms o f  mal ignancy b o th  w i t h  and w i th o u t  m é t a s t a s é s  t o  the  l i v e r  may be
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a s s o c i a t e d  w i th  the  o c c u r re n c e  o f  ' a n t i f i b r i n o l y t i c  * a c t i v i t y  i n  the
p lasma,  presumably  due to  th e  p re se n c e  o f  a n t i a c t i v a t o r .
I t  would seem r e a s o n a b le  to  conc lude  t h a t  the  p r e s e n c e  o f  a n t i a c t i v a t o r
in  th e  p lasma o f  p a t i e n t s  w i t h  hepa toca rc inom a w i th  co n se q u e n t  p r e v e n t i o n
o f  development o f  f i b r i n o l y t i c  a c t i v i t y  may be r e s p o n s i b l e  f o r  t h e  th ro m b o s is
o f  subcu taneous  v e i n s  e n c o u n te r e d  i n  11% o f  such  p a t i e n t s  ( 1 3 ) .
The i n c r e a s e d  l e v e l  o f  f i b r i n o g e n  in  hepa toca rc inom a  i s  o f  i n t e r e s t .
I t  has  been su g g e s te d  t h a t  th e  i n t e g r i t y  o f  th e  v a s c u l a r  w a l l  n o rm a l ly  may
be dependent  upon a p r o c e s s  o f  f i b r i n  fo rm a t io n  and  t h a t  th e  r a p i d  t u r n o v e r
o f  p ro th rom bin ,  p l a t e l e t s  and f i b r i n o g e n  s u p p o r t  t h i s  s u g g e s t i o n .  By 
25f e e d i n g  S - l a b e l l e d  d l -m e th io n in e  o r  y eas t ,  Madden and Gould (10)  found th e  
50 p e r c e n t  t u rn o v e r  r a t e  o f  f i b r i n o g e n  t o  be 5-6 d a y s .  G i t l i n  and Borges
(5 )  r e p o r t e d  a s i m i l a r  r e s u l t  from o b s e r v a t i o n s  on 2 p a t i e n t s  w i t h  c o n g e n i t a l  
a f i b r i n o g é n a e m ia . I t  i s  tem pt ing  t o  su g g e s t  t h a t  t h e  i n c r e a s e d  l e v e l s  o f  
f i b r i n o g e n  e n c o u n te r e d  in  p a t i e n t s  w i t h  hepa toca rc inom a  i s  due t o  a r e d u c e d  
tu r n o v e r ,  a consequence o f  i n h i b i t i o n  o f  th e  f i b r i n o l y t i c  mechanism.  In  
t h i s  c o n n e c t io n  i t  i s  o f  i n t e r e s t  t h a t  McFadzean and Yeung (1 4 )  have fo u n d  
t h a t  the  p ro th rom bin  l e v e l s  i n  hepa tocarc inom a a r e  w i t h i n  normal  l i m i t s  and 
a r e  s i g n i f i c a n t l y  h ig h e r  th a n  in  u n co m p l ic a ted  c i r r h o s i s .  F u r t h e r  i n  5 
p a t i e n t s  who deve loped  hepa tocarc inom a in  a c i r r h o t i c  l i v e r  th e  p ro th ro m b in  
l e v e l s  p r e v i o u s l y  s i g n i f i c a n t l y  below normal became n o rm a l .
REFERENCES
( 1 )  B idw el l ,  E. (1 9 5 3 ) .  Biochem. J . ,  55 :497 .
( 2 )  C o s g r i f f ,  S.W. (1 9 5 1 ) .  J .  Amer. med. A s s o c . ,  147 :924 .
(3 )  C o s g r i f f ,  S.W., D ie fenbach ,  A . F . ,  and V o g t , W. (1 9 5 0 ) .  Amer. J .
Med., 9 :752 .
( 4 )  Eisenmenger,  W .J . ,  S l a t e r ,  R .G. ,  and Bong iovann i ,  A.M. ( 1 9 5 2 ) .
Amer. J .  Med.,  13 :27 .
112
( 5 )  G i t l i n ,  D. ,  and Borges ,  W.H. (1 9 5 3 ) .  Blood,  8 :6 7 9 .
( 6 ) Kwaan, H .C . ,  Lo, R . ,  and  McFadzean, A . J . S .  U npub l i shed  O b s e rv a t io n s
(7 )  Kwaan, B .C . ,  and McFadzean, A . J . S .  ( 1 9 5 6 ) .  L a n c e t ,  i : 9 6 8 ,
( 8 ) Kwaan, B .C. ,  McFadzean, A . J . S . ,  and Cook, J .  ( 1 9 5 6 ) .  L a n c e t ,  i : 1 3 2 .
(9 )  Kwaan, B .C . ,  McFadzean, A . J . S . ,  and Cook, J .  (1 9 5 7 ) .  S c o t .  med. J . ,
2 :1 3 7 .
(1 0 )  Madden, R .E . ,  and Gould, R.G. (1 9 5 2 ) .  Fed .  P r o c . ,  2 :2 5 2 .
(11)  M acfa r lan e ,  R.G. ,  and B iggs ,  R. (1 9 4 8 ) .  Blood,  3 :1167 .
(12)  M acfa r lan e ,  R .G . , and P i l l i n g ,  J .  ( 1 9 4 6 ) .  L a n ce t ,  i i : 5 6 2 .
(13)  McFadzean, A . J . S .  To be p u b l i s h e d .
(14 )  McFadzean, A . J . S . ,  and Yeung, T .T .  To be p u b l i s h e d .
(15 )  N o l f ,  P. ( 1 9 0 8 ) .  Arch ,  i n t e r n a t ,  de P h y s i o l . ,  6 :3 0 6 .
(16)  Rocha e S i l v a ,  M . , and Rimington,  C. (1 9 4 8 ) .  Biochem. J . ,  4 3 :1 6 3 .
113
CONCLUSIONS
The purpose  o f  t h i s  r e s e a r c h  p r i m a r i l y  was t o  f i n d  answer t o  th e  
two q u e s t i o n s  posed  in  th e  I n t r o d u c t i o n  : "Can f i b r i n o l y t i c  a c t i v i t y  be
s t i m u l a t e d  in  the  plasma o f  b lo o d  w i t h i n  v e in s ? "  and "Could f i b r i n  have 
been formed and ly s e d  in  th e  v e n u le s  o b s t r u c t e d  by p l a t e l e t  th rom bi?"
These may be answered in  th e  a f f i r m a t i v e .
I t  has  been shown t h a t  f i b r i n o l y t i c  a c t i v i t y  can be induced  w i t h i n
subcu taneous  v e in s  in  man by the  s t i m u l a t i o n  o f  what would a p p e a r  t o  be
a c h o l i n e r g i c  e f f e c t o r  mechanism p r e s e n t  in  t h e i r  w a l l s .  Such s t i m u l a t i o n  
r e f l e x l y  p roduces  f i b r i n o l y t i c  a c t i v i t y  in  o t h e r  v e i n s  o f  t h e  same l im b 
and a l s o  i n  v e in s  o f  th e  c o n t r a l a t e r a l  l imb th ro u g h  the agency  o f  s i m i l a r  
e f f e c t o r s .  The ' r e c e p t o r s *  o f  t h i s  r e f l e x  seem t o  be w id e ly  d i s t r i b u t e d  
in  t i s s u e  f o r  th ey  can  be s t i m u l a t e d  by i n t r a d e r m a l  i n j e c t i o n .  The 
e f f e c t o r s  have n o t  been i d e n t i f i e d .  I t  seems r e a s o n a b le  t o  s u g g e s t  t h a t ,  
on s t i m u l a t i o n ,  th e y  s e c r e t e  l y s o k in a s e  which c o n v e r t s  p r o a c t i v a t o r  i n  
the  plasma to  a c t i v a t o r  which,  i f  f i b r i n  i s  formed,  c o n v e r t s  p lasm in o g en  
t o  p la sm in  w i th  co n seq u en t  l y s i s  o f  f i b r i n .  The f o r e g o i n g  mechanism h a s  
been shown a l s o  t o  e x i s t  in  the v e i n s  o f  th e  e a r s  o f  r a b b i t s .
Evidence c o n s i s t e n t  w i th  a s i m i l a r  mechanism o c c u r r i n g  i n  a r t e r i e s  
has  been p r e s e n t e d .
S e t  ou t  i n  T a b le  B a re  the  s t i m u l i  th u s  f a r  known t o  induce 
f i b r i n o l y t i c  a c t i v i t y  w i t h i n  v e i n s .  A c e t y l c h o l i n e ,  t h e  e f f e c t o r  s u b s t a n c e .
Table  B
S t i m u l i  known to  induce f i b r i n o l y t i c  a c t i v i t y  in  man and i n  th e  r a b b i t
Group 1 Group 2
Cold (150C) H is tam ine
A d ren a l in e A r r e s t  o f P r i s c o l
N o ra d re n a l in e a r t e r i a l  su p p ly Heat  (40°C)
P i t u i t r i n In f l a m m at io n
5-HT
P roca ine
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i s  no t  i n c l u d e d .  Save t h a t  5-HT a c t s  upon r e c e p t o r s  r e a d i l y  p a r a l y s e d  
by LSD 25, t h e i r  modes o f  s t i m u l a t i o n  o f  the  c h o l i n e r g i c  e f f e c t o r i  have 
n o t  been e s t a b l i s h e d .  I t  has  been s u g g e s te d  t h a t  s t i m u l i  o f  Group 1, by 
v i r t u e  o f  t h e i r  a c t i o n  as  v a s o c o n s t r i c t o r s ,  p roduce  r e l a t i v e  i s chaem ia  
and when a p p l i e d  o v e r ,  a lo n g s i d e  o r  w i th in  a v e i n  th ey  a c t  by c o n s t r i c t ­
ing  th e  vasa  vasorum th e re b y  p roduc ing  r e l a t i v e  i sch a em ia  o f  the  v e i n  
w a l l .  I t  has  been  a rgued  t h a t  h i s t a m in e  may be th e  common den o m in a to r  t o  
s t i m u l i  o f  Group 2 and t h a t  h i s t a m i n e ,  under  th e  c o n d i t i o n s  o f  the  
e x p e r im e n t s ,  may produce r e l a t i v e  i schaemia  w i t h i n  th e  'wheal* r e s p o n s e .
I t  f o l l o w s ,  mayhap, t h a t  i s c h a e m ia . i s  the  common d en o m in a to r  t o  a l l  
s t i m u l i  known to  excitfe, i n d i r e c t l y ,  th e  c h o l i n e r g i c  e f f e c t o r  mechanism.
Evidence h as  been p r e s e n t e d  c o n s i s t e n t  w i th  th e  5-HT, l i b e r a t e d  
f rom a p l a t e l e t  thrombus,  augmented by th e  a c t i o n  o f  h i s t a m i n e ,  s i m i l a r l y  
l i b e r a t e d ,  b e in g  ca p ab le  o f  induc ing  w i t h i n  v e i n s  f i b r i n o l y t i c  a c t i v i t y  
o f  such i n t e n s i t y  as  t o  l y s e  f i b r i n  a s  r a p i d l y  as  i t  can be fo rm ed .  I t  
i s  conc luded  t h a t  a p l a t e l e t  thrombus,  w i th  i t s  a t t e n d a n t  v a s o c o n s t r i c t i o n ,  
i s  o f  i t s e l f  s u f f i c i e n t  t o  secu re  h a e m o s ta s i s  in  c e r t a i n  i n j u r i e s  t o  
a r t e r i e s  and v e in s  and t h a t  the  more cumbersome and d i s r u p t i n g  mechanism 
o f  i n t r a v a s c u l a r  c l o t t i n g  i s  to  be av o ided  or  r e s t r i c t e d .  T h i s  i s  
a ch ie v e d  by th e  a c t i o n  o f  5-HT augmented by t h a t  o f  h i s t a m i n e ,  r e l e a s e d  
from the  a g g l u t i n a t e d  p l a t e l e t s , s t i m u l a t i n g  th e  c h o l i n e r g i c  e f f e c t o r  
mechanism in  th e  v e s s e l  w a l l  w i th  consequen t  development o f  f i b r i n o l y t i c  
a c t i v i t y  w i t h i n  th e  v e s s e l  and  l y s i s  o f  any f i b r i n  fo rm ed.
I t  has  been shown in  th e  r a b b i t  t h a t ,  i f  the  5-HT i s  removed f rom  
p l a t e l e t s  o r  i f  t h e  response  by v e i n s  t o  5-HT i s  i n h i b i t e d ,  red  b lo o d  c l o t  
forms w i t h i n  v e in s  i n  response  t o  an i n j u r y  w h ich ,  i n  t h e  u n t r e a t e d  
an im al ,  would r e s u l t  i n  th e  f o r m a t io n  o f  a l o c a l  p l a t e l e t  thrombus o n l y .
I t  has  a l s o  been shown in  man t h a t  t h e r e  i s  a h ig h  i n c i d e n c e  o f  th ro m b o s i s  
o f  subcu taneous  v e in s  i n  hep a to ca rc in o m a .  In  such  p a t i e n t s  i t  has  been  
d em o n s t ra te d  t h a t  a n t i a c t i v a t o r  a c t i v i t y  deve lops i in  th e  p l a sm a .  I t  i s  
conc luded  t h a t  the  r a i s o n  d ' e t r e  o f  the f i b r i n o l y t i c  mechanism i s  t o
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m a in ta in  v e i n s  and a r t e r i e s  f r e e  f rom f i b r i n .
I t  has  been shown in  th e  r a b b i t  t h a t  b o th  c o r t i c o t r o p h i n  and t rauma 
i n h i b i t  t h e  l y s i s  o f  th rom bi  produced e x p e r i m e n t a l l y  w i t h i n  v e in s  and 
t h a t  t h i s  i s  due t o  the  i n h i b i t i o n  o f  th e  response  o f  v e in s  t o  5-HT. The 
r e s p o n s e s  t o  h i s t a m in e  and a d r e n a l i n e  a r e  n o t  i n h i b i t e d .  These  o b s e r v a t ­
io n s  may have an a p p l i c a t i o n  in  th e  s tu d y  o f  th rombo-embolic  phenomena 
in  man, n o t a b l y  th o se  f o l l o w i n g  o p e r a t i o n .
The f e e d in g  o f  c h o l e s t e r o l  t o  th e  r a b b i t  r e s u l t s  in  th e  i n h i b i t i o n  
o f  the  l y s i s  of  th rom bi  e x p e r i m e n t a l l y  p roduced  w i t h i n  v e i n s .  I t  has  
been shown t h a t  th e  r e sp o n se  to  5-HT and t o  a d r e n a l i n e  a r e  i n h i b i t e d  b u t  
the p r e c i s e  n a t u r e  o f  th e  i n h i b i t i o n  has  n o t  been  d e t e r m in e d .  These 
o b s e r v a t i o n s  may have an a p p l i c a t i o n  in  th e  s tu d y  o f  t h e  g e n e s i s  o f  
a theroma i n  man. There  a r e  two m ajor  and a p p a r e n t l y  c o n f l i c t i n g  h y p o th e s e s  
c o n c e rn in g  the  a e t i o l o g y  o f  a therom a.  Among many o t h e r s ,  Keys (6 )  
em phas ises  the  im por tance  o f  d i e t a r y  f a t s  whereas  Duguid ( 2 ) ,  whose 
o b s e r v a t i o n s  have been  conf irmed (1 ,  3,  5)  h o ld s  t h a t  the  i n i t i a l  phase  
o f  development o f  a theroma i s  the o c cu r ren c e  o f  mura l  th ro m b i .  The 
i n h i b i t o r y  i n f l u e n c e  o f  l ip a em ia  on f i b r i n o l y t i c  a c t i v i t y  may w e l l  
r e c o n c i l e  t h e  two a p p a r e n t l y  c o n f l i c t i n g  h y p o th e se s  ( 4 ) .
I t  has  been  found t h a t  e x e r c i s e  o f  muscles  i n  a l imb r e n d e r e d  
ischaem ic  p r e v e n t s  t h e  development o f  i n c r e a s e d  f i b r i n o l y t i c  a c t i v i t y  i n  
b lood  s u b s e q u e n t ly  f lo w in g  th ro u g h  the  l im b s .  Evidence  has  been  p r e s e n t e d  
c o n s i s t e n t  w i th  t h i s  form o f  i n h i b i t i o n  b e in g  due t o  an i n h i b i t o r y  e f f e c t  
e x e r t e d  upon the c h o l i n e r g i c  e f f e c t o r s  in  th e  w a l l s  o f  a r t e r i e s .
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